Ordinary methods for controlling corrosion usually pro- 
duce the ordinary results—rapid paint failure, costly replace- 
ments, product contamination, excess down-time, and ham- 
pered production. Halfway measures and the use one 
two general purpose coatings simply cannot provide adequate 
protection against corrosion’s ceaseless attack. 


Amercoat gives you proven method corrosion control, 
assuring you proper protection through these PLUS features: 


Careful analysis trained engineer all the con- 
ditions present each corrosion problem. 


The ONE best recommendation for the particular 


problem. AMERCOAT complete line coatings, each 
formulated solve control specific corrosion problems. 


On-the-job assistance your applicators and super- 
visors trained engineer. The AMERCOAT method en- 


sures proper attention surface preparation and applica- 
tion techniques for maximum protection. 


Complete stocks fresh materials always near you 
one five regional warehouses more 


SPECIFY THE AMERCOAT METHOD— 
Designed Give You PLUS PROTECT 


than franchised distributor warehouses throughout the 
United States. 


Service based experience. The AMERCOAT 
method corrosion control the result nearly 
experience solving controlling corrosion problems 
every major industry throughout the United States. 


Write today for the name and address the AMERCOAT 
representative your area. obligation, will gladly 
help you analyze your corrosion problems and evaluate 
present control measures. determined that you 


complete program PLUS protection 
your plant equipment. 
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What type 
plastic pipe the 
best for 
job? 


Three minutes this 


REPUBLIC SUPPLY 


can help 
your maintenance costs! 


you'll take just three minutes check these important points, you may discover better, less 
expensive way solve your own piping problems. your advantage keep informed 
regarding the latest improvements piping materials. 


WHAT NEW TYPE PIPE MAY HANDLE stopped completely using plastic pipe. you haven’t 


YOUR JOB BETTER? you are not getting maximum looked into plastic for corrosive applications, you may 
trouble-free life from the pipe you are presently using, wasting thousands dollars each year shortened 


you are using expensive materials like lead, brass pipe life! 


stainless steel, you should investigate plastic pipe—it may 
save you money, and it’s highly possible that plastic will PRESSURES 
outlive and outperform your present piping! Here’s Unless evaluated your 


simple formula for selecting the right piping material piping recently, and investigated the many new materials 

for your job: you may not getting the 

rom your present piping investment. Six basic types 

perature and pressure applications. Working temperatures 

WHY SHOULD CONSIDER USING PLASTIC and safe working pressures 300 psi 

are now possible with plastic pipe. Republic will help you 

the right application, plastic pipe can outperform any determine the one best pipe for your particular job— 
other pipe many times. You should consider the use it’s 

plastic pipe when: (1) corrosion (including electrolysis 


ghout the 


problem; (2) plastic less expensive than the piping 
oblems materials presently being used; (3) you have scaling HOW GET IMPARTIAL ADVICE 
wall caking; (4) ease installing plastic pipe will result THE BEST PIPE FOR YOUR JOB. 
desired; (6) higher flow factor wanted (15-40% Because Republic Supply handles all basic 
greater than steel). plastic all types metal piping, Republic 
the only source able give you impartial comparison 
will gladly CAN STOP EXPENSIVE PIPE CORROSION? piping materials. Republic can recommend the one 
Juate you Scaling and pipe corrosion from any cause such corro- best type kind pipe for your particular piping 
sive line fluids, electrolysis, soil condition, atmospheric problem, whether metal plastic, and furnish 
conditions, tuberculation, etc. can minimized and often immediately from their complete warehouse stocks. 
rection LET Please send special report showing comparative features, properties and 
REPUBLIC prices all types plastic pipe. 
Please furnish free samples plastic pipe. 
é | Poly Vinyl Chloride Tenite (Butyrate) 
machinery oil field supplies piping. 


REPUBLIC SUPPLY COMPANY 
CALIFORNIA 
‘ ‘fle Main Offices: Los Angeles, 2600 South Eastland Avenue | 
San Leandro, 1919 Williams Street 

axe 

independently owned and operated company 
serving Western Industry 
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CUT THE COST PIPELINE 
PROTECTION WITH GALVO-LINE 


Dow’s Magnesium ribbon anode 
saves time and labor installation 


Has the high cost anode installation discouraged you 
from using this most efficient method pipeline pro- 
tection? Then investigate Galvo-Line®, Dow’s flexible 
cored, magnesium ribbon anode. 


Time and labor are the big elements cost any 
anode installation. providing simplified method, 
these factors can cut the bone with Galvo-Line. 


five miles pipeline per day can protected 
plowing Galvo-Line. The installation also simpli- 
fied the fact that the number connections the 
pipeline can considerably reduced. Intervals 500 
1000 feet are generally adequate. 


Galvo-Line installed wire-laying plow drawn truck tractor. 


Galvo-Line cuts costs another way, too. provides 
from three seven times much current per pound 
magnesium installed conventional magnesium 
anodes. More uniform distribution and efficient utili- 
zation current make Galvo-Line both economical 
and dependable for pipeline protection. 


When you plan your next protection program, 
two one with Galvo-Line. Let the facts prove 
themselves. 


Call your nearest Dow office Dow distributor for 
complete data. THE DOW CHEMICAL COMPANY, 
sium Department, Midland, Michigan. 


Connc 

depend DOW MAGNESIUM ANODES 


yr tractor. 


ovides 
pound 


prove 


for 


joint” (first light colored 
the the upper valve), which 
inserted between copper plumbing connec- 
aluminum piping the new Alcoa 
recently completed Pittsburgh, This 
designed absorb galvanic currents 
plumbing system, The joint can re- 
easily when consumed. 
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Directory NACE Regional and Sectional Officers 


NORTH EAST REGION 


L. B. DONOVAN, Director 
Consolidated Edison Co. 
of New York, Inc. 

4 Irving Place 
New York City. 


GEORGE BEST, Chairman 
Mutual Chem. Co, of America 
1348 Block St. 

Baltimore 31, Md. 


KEMPTON ROLL, Vice-Chair. 
Lead Industries Assoc, 
420 Lexington Ave. 
New York 17, N. Y. 


BRIGGS, Sec.-Treas. 
W. A. Briggs Bitumen Co. 
3303 Richmond St. 
Philadelphia 34, Pa. 


Baltimore Section 


VON LOSSBERG, Chairman 
Sheppard T. Powell Consulting 
Chemical Engineers 
330 North Charles Street 
Baltimore, Maryland 


ALLEN ALEXANDER, Vice-Chair. 
1710 Oakcrest Drive 
Alexandria, Virginia 


RISQUE BENEDICT, Sec.-Treas. 
Naval Research Laboratory 
Washington 25, D. C. 


Greater Boston Section 


JOHN SWIFT, Chairman 
A. D. Little, Inc., 
30 Memorial Drive 
Cambridge, Mass. 


ORMAN FISHER, Vice-Chair. 
Monsanto Chemical Co. 
Everett Station 
Boston, Mass. 


. DWIGHT BIRD, Sec.-Treas. 
The Dampney Co. 
1243 River, Hyde Park 
Boston, Mass. 


Kanawha Valley Section 


HAMSTEAD, Chairman 
Carbide and Carbon Chemical 
South Charleston, W. Va. 


ZIMMERER, Vice-Chair. 
Westvaco Chemical Div., 
Food Machinery & Chemical Corp. 
ga 8127, South Charleston, 
Va. 


CONRAD L. WIEGERS, Secretary 
Allied Services Inc. 
Spring & Bullitt Sts. 
Station A, Charleston, W. Va. 


CURLEY, Treasurer 
Hope Natural Gas Co., Box 1951 
Clarksburg, W. Va. 


Metropolitan New 
York Section 


GEORGE HULL, JR., Chair. 
Anglo-American Varnish Co. 
55 Johnson St. 

Newark 5, N. J. 


MORTON BERMANN, Vice-Chair. 
Brooklyn Union Gas Co. 
197 St. James Place 
Brooklyn, New York 


F, J. LeFEBVRE, Sec.-Treas. 
Electro Rust-Proofing Corp. 
Box 178 
Newark 


SOUTH 


mae NORTH CENTRAL" 
! 


SOUTH CENTRA 


Philadelphia Section 


BRINK, Chairman 
American Viscose Corp. 
Marcus Hook, Pa. 


BENNETT, Vice-Chair. 
Socony-Vacuum Oil Co., Inc. 
Paulsboro, N. J 


J, $, PETTIBONE, Sec.-Treas. 
Am, Soc, Testing Mat. 
1916 Race St. 
Philadelphia 3, Pa. 


Pittsburgh Section 


FRANK COSTANZO, Chairman 
The Manufacturers Light & 
Heat 

2202 Vodeli Street 
Pittsburgh 16, Pa. 


WAYNE BINGER, Vice-Chair. 
Aluminum Company of America 
Box 772 
New Kensington, Pa. 


THOMAS T. ROYSTON, Secretary 
Royston Laboratories, Inc. 
128 First Street 
Blawnox, Pa. 


WILLIAM G. RENSHAW, Treas. 
Allegheny Ludlum Steel Corp. 
Brackenridge, Pa, 


Southern New England 
Section 


F. R, MEYER, Chairman 
Sou, New England Tel. Co. 
New Haven, Conn. 


TRACY, Vice-Chair. 
American Brass Company 
Waterbury, Conn. 


GERALD BROPHY, 
International Nickel Co., Inc. 
St. 

Hartford, Conn. 


Western New York 
Section 


JAMES SHIELDS, Chairman 
820 College Ave. 
Niagara Falls, N. Y. 


THORNBERG, Vice-Chairman 
Hooker Electrochemical Co. 
Box 344 
Niagara Falls, N. Y. 


WILLIAM WARDROP, Sec.-Treas. 
Metal-Cladding, Inc. 
128 Lakeview Ave. 
Buffalo, N. Y. 


NORTH CENTRAL REGION 


WALTER R. CAVANAGH, Director 
Parker Rust Proof Company 
2177 E. Milwaukee St. 

Detroit, Michigan 


JACK LoPRETE, Chair. 
Spray-Coat Engineers 
775 S. Bayside St, 
Detroit 25, Mich. 


NORMAN KERSTEIN, Vice-Chair. 
16817 Robson 
Detroit, Michigan 


JAMES HIRSHFELD, Sec.-Treas. 
Hinchman Corp. 
1208 Francis Palms 
Detroit 1, Mich. 


Chicago Section 


EWING, Chairman 
Standard Oil Co. of Indiana 
910 S. Michigan Ave, 
Chicago, 


LINDBERG, Vice-Chair. 
Sinclair Research Laboratories, 


Inc, 
400 E. Sibley Bivd. 
Harvey, Illinois 


L. W. PETERSEN, Secretary 
Swift & Company 
U. S. Yards 
Chicago, IIlinois 


R, W. FLOURNOY, Treasurer 
Corn Products Refining Co. 
Chemical Division 
3216 Prairie Ave. 
Brookfield, Ilinois 


Cleveland Section 


WILLIAM PALMQUIST, 
Chairman 
National Carbon Company 
Box 6087 
Cleveland Ohio 


THOMAS HOWALD, Vice-Chair, 
Chase Brass and Copper Co. 
1155 Babbitt Road 
Cleveland, Ohio 


JANE RIGO, Secretary-Treasurer 
American Steel Wire Co. 
Wire Ave. 

Cleveland, Ohio 


Detroit Section 


JAMES HIRSHFELD, 
The Hinchman Corporation 
1208 Francis Palms Bldg. 
Detroit Michigan 


EUGENE V. IVANSO, Vice-Chair, 
Detroit Testing Labs. Inc. 
1044 Eastlawn Ave. 

Detroit, Michigan 


DAVID L, HILL, Secretary 
Timken Detroit Axle Co. 
100-400 Clark Ave. 
Detroit, Michigan 


PROCTOR COATES, Treasurer 
Michigan Bell Telephone Co. 
312 Potawatomi Bivd. 

Royal Oak, Michigan 


Eastern Wisconsin 
Section 


ROBERT WICEN, Chair. 
Chain Belt Co, of Milwaukee 
1600 West Bruce St. 
Milwaukee 4, Wis. 


ROBERT HUSEBY, Vice-Chair. 
A, 0, Smith Corp. 
3533 North 27th St. 
Milwaukee, Wis. 


HAROLD HAASE, 
2917 West Juneau Ave. 
Milwaukee 8, Wis. 


Greater St. Louis Section 


CAMDEN COBERLY, Chairman 
316 Oak Manor Lane 
Webster Groves 19, Mo. 


WILLIAM RIES, Vice-Chair. 
Tretolite Company 
St. Louis 19, Mo. 


ROBERT SANFORD, 
Nooter Corporation 
1400 South Second St. 
St. Louis 4, Mo. 


DONALD H. BECKER, Treasurer 
Reilly Tar & Chemical Corp. 
Box 370 
Granite City, Illinois 


Kansas City Section 


HEVERLY, Chairman 
Great Lakes Pipeline Co. 
5425 Chadwick Rd. 
Kansas City, Mo. 


. A. KELLEY, Vice-Chairman 
Minnesota Mining & Mfa. Co. 
4224 West 73rd Terrace 
Prairie Village, Kans. 


BERRINGER, 
Panhandle Eastern Pipe Line 
1221 Baltimore Ave. 

Kansas City, Mo. 
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Directory NACE Regional and Sectional Officers 


Southwestern Ohio Central Section Sabine-Neches Section Los Angeles Section 


ohio Petroleum Co, ell Oil Co., Inc. 
ARTHUR CASTER, Chairman 1300 Skirvin Tower Box 728 
38 Arcadia Place Oklahoma City, Okla. Beaumont, Texas Wilmington, California 


Cincinnati, Ohio 
MARTIN L. STEFFENS, Vice-Chair. . K. GALLY, Vice-Chairman 
LUCE, Natural Gas CRAWFORD CHAISSON, 1061 Mar Vista Ave, 
The Co., Inc, Box Pasadena, California 
BRUCE OWEN, Sec.-Treas. West Lake, Louisiana Standard Oil Co. Calif. 
LEWIS LEDERER, Sec. Southwestern Bell Tel. Box 
Lining Corp. 405 Broadway CHARLES HUDDLESTON, JR., Segundo, California 
1097 Wade St. City, 
Cincinnati, Ohio Products Co. 
e ox 
Corpus Christi Section Salt Lake Section 
Ohio WARD, Chairman HARRY BROUGH, Chairman 
Magnolia Petroleum Co. e Mountain Fuel Supply Co. 
Refining Dept. Shreveport Section State St. 
—_——___e—eeeeee ox 117 alt Lake City, Utah 
isti OLIVE, Chairman 
SOUTH EAST REGION GEORGE HILL, Vice-Chair, 
JOHN WESTERVELT, Vice-Chair. Shreveport La, Fuel Technology Dept. 
; Pontiac Pipe Line & Export Co. University of Utah 
ast Iron Pi 0. ‘ i i i 
. WEST, airman ox alt Lake City 10, Uta 
1800 Rhodes-Haverty Bldg. Box 1407 


Atlanta, Ga. Houston Section Shreveport, La. San Diego Section 
H.C, VAN NOUHUYS, Vice-Chair. ss FIN. Chai 
heastern Pipe SHARPE, Chairman GRIFFIN, Treasurer MAGOFFIN, Chairman 
Humble Pipe Line Co. Texas Eastern Gas Trans. Corp. California Water Telephone Co. 
Atlanta, Georgia Drawer 2220 Texas Eastern West 9th St. 
Houston Texas Shreveport, La. National City, Calif. 
DAVID H. CHADWICK, Sec.-Treas. 


Res, Dept, Phosphate Div, & CALDWELL, Vice-Chair. 
Humble Oil and Ref. Co. Gas Electric Co. 


Houston, Texas GEORGE M HARPER, Chairman San Diego 1, Calif. 
nion Oil Co. California 
FLYNN JOHNSTON, Chair Houston, Texes Abbeville, Spring Valley Irrigation District, 


American Tel. Co. GUS VOGLER, Vice-Chair. Box 518, Mesa, Calif. 
1139 Hurt Bldg. New Orleans-Baton Allen Cathodic Protection Co. 
Atlanta, Ga. Rouge Section 264 


Lafayette, San Francisco Bay Area 
RAYMOND F. TRAPP, Vice-Chair. JACK T. MARTIN, Chairman i 
japeville, Ga, roduction Dept. nited Gas Corp. ; 
Pipe Line Service Corp. New Orleans, La. New Iberia, La, Oleum, Cal ss r 
Co, Bldg. 225 Bush St. 
Jacksonville JACK BARRETT, Chairman San Francisco, Cal. 
Section 2 Stanolind Oil & Gas Co. T. J. SMITH, Sec.-Treas 
RUSSELL SCHUTT, Sec.-Treas. Box 591 Steel Foundry 
ection lantic Coatings Co., Inc. . O. Box 
Box 2976 New Orleans, La. NELSON, Vice-Chair. San Francisco Cal. 
Jacksonville 3, Fla. Shell Pipe Line Corp. 


Box 831 
ALEXANDER, Sec.-Treas. North Texas Section Cushing, Okla. 
Dozier Gay Paint Co. SPALDING, JR., Chair. CANADIAN REGION 
Box 3176, Station Oil HUGH BRADY, Secretary 
Jacksonville, Fla. Box 2880 Pipe Line Anode Corp. 
MORRIS BOCK, Vice-Chair. Canada, Limited 
OE Sun Oil Company EDWARD A. BARTOLINA, Treasurer 25 King St. W. 


SOUTH CENTRAL REGION Moorlane Company Toronto, Ontario 


airman 


Tulsa, RUSSELL, Chai 
MARYANN DUGGAN, Sec.-Treas. ulsa, ahoma Chairman 
Box 2527 ee Dallas, Texas Vancouver, B. C. 
University British Columbia 
Kirby Drive Cardinal Chemical, Long Beach Harbor Dept. McPHERSON, Sec.-Treas. 
Houston, Texas Box 2049 1333 Embarcadero Imperial 
ong Beach 2, Calif. i . We 


‘ Calgary, Alta. 
Shell Company, 2nd Vice-Chair AUSTIN JOY, Vice-Chairman 
Richards Building Bechtel Corp., Somastic Div. 
New Orleans, La. 2703 Drive Box 457 
Craver The Western Co, Southern California Gas Co. 
Box 310 Box 3249 Terminal Annex 
Texas Midland, Texas Los Angeles, Cal. (Continued Page vi) 
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Directory Officers 
(Continued from Page y) 


British Columbia Section 
(Cont'd) 


LEVELTON, 
British Columbia Research 
Council 
University of British Columbia 
Vancouver, B. C. 


CRAIGHEAD, 
Industrial Coatings, Ltd. 
1930 Main St, 
Vancouver, 


Hamilton-Niagara Section 


MAKEPEACE, Chairman 
Page Hersey Tubes Ltd. 
Welland Ontario, Canada 


H. W. HYSLOP, Vice-Chairman 
United Gas & Fuel Co. of 
Hamilton, Ltd. 

King St. 
Hamilton, Ontario, 


BERKOL, 


Atlas Steels, Ltd. 
Welland, Ontario, Canada 


Spin uniformly perfect protection 
run pipe with this port- 
able tool. 


Toronto Section 


T. R. B. WATSON, Chairman 
Corrosion Service, Ltd. 
21 King St. E, 
Toronto, Ontario, 


COLIN PRESCOTT, 
Hydro-Electric Power Commission 
Ontario 
620 University Ave. 
Toronto, Ontario, Canada 


R. J. LAW, Secretary 
The International Nickel 
Co, of Canada, Ltd. 
King St. 
Toronto, Ontario, Canada 


STEPHEN KOZAK, Treasurer 
Canada Wire & Cable Co., Ltd. 
Postal Station R. 

Toronto, Ontario, Canada 


Fast, easy, effective 
CORROSION PROTECTION! 


matter who does the job, all your underground pipe and joints can 
now have full, permanent protection against corrosion. Dressertape— 
the high dielectric plastic tape—is the answer. Any crew can master the 
easy application techniques minutes, save expensive man hours and 
cut over-all costs every job. Try Dressertape yourself! 


LOOK THESE OUTSTANDING DRESSERTAPE ADVANTAGES! 


Uniform bottom and sides. Exceptional electrical properties 
electric strength: 10,000 volts; insula- 
tion resistance: 100,000 megohms. 


Lapel Pins 


| 
Approx. 
Size 


Approximately 7/16 inches high, 
gold, inlaid with bright red 
enamel background 
and deep blue enamel back- 
ground words “CORROSION 
CONTROL.” Ruby center. 


heating equipment required. 


Safe use—no burns, fumes. Lasting protection against water, oil 
and soil chemicals equal to, ex- 
ceeding, yard mill-wrapped pipe. 


cially over fittings service lines. 


For Association Members Only 


Address Orders 
Campbell, Executive Secretary 


immediate backfill—no waiting. Available widths from 34” 6”. 


Send today for our new, fully illustrated booklet “Dresser Taping Anyone 


can master laboratory and field proved methods minutes, 
%Dressertape is a trade-mark of Dresser Manufacturing Division 


Fisher Ave., Bradford, Pa. 
(One the Dresser Industries) 
SALES OFFICES: 


New York, Philadelphia, Chicago, 
MANUFACTURING Houston, San Francisco. Canada: 


DIVISION 629 Adelaide St., W., Toronto, Ont. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 
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INTERNATIONAL NICKEL COMPANY, INC. 


hecause 


other cast metal offers 
such unique combination 


useful engineering properties 


Use Ni-Resist® for specific need combination re- 


quirements. 


Mechanically Similar Gray Iron, and resembling aus- 
stainless steel many characteristics, Ni-Resist can 
these problems moderate cost... 


has good resistance corrosive attacks acids, 
and salts. sulfuric acid, for example, NI- 
RESIST outlasts cast iron 100 


Characteristics combined with thorough 
distribution make NI-RESIST ideal for metal-to- 
wear service. 


normal hardness machines like 200 BHN gray 
and readily weldable. 
shows times better scaling resistance, and 
times better growth résistance than plain iron 


has high specific electrical resistance (140 micro 
ohms/em?) 


Thermal Expansion may controlled from 60% higher 


TOUGHNESS 


MAGNETIC 
PROPERTIES 


EROSION AND 
ABRASION 


CONTROLLED 


EXPANSION 


HEAT 
RESISTANCE 


ELECTRICAL PROPERTIES 


than that plain iron low approaching that Invar. 


Several Types Ni-Resist are available meet variety 
industrial demands. 


the present time, nickel available for end uses de- 
fense and defense supporting industries. The remainder 
the supply available for some civilian applications and 
governmental stockpiling. 


The International Nickel Company, Inc. 
Dept. 20, Wall Street, New York 

Please send booklets entitled, “Engineering Properties 
and Applications and, “Buyers’ Guide for 
Ni-Resist Castings.” 


WALL STREET 
NEW YORK 
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TP-1A 


TP-1B 


TP-1G 


TP-1H 


TP-1K 


TP-2 


TP-2A 


TP-3 


CORROSION OIL AND GAS WELL 
EQUIPMENT (Formerly Condensate 
Well Corrosion) 


BUCHAN, Chairman 
Humble Oil Ref, Co. 
Box 2180 
Houston, Texas 


GRECO, Vice-Chairman 
United Gas Corp. 
Box 1407 
Shreveport, La. 


Pacific Coast. Frank Davie, chairman, Shell 
Co., Los Angeles 14, Calif. Hill, 
vice-chairman, General Petroleum Corp., Los 
Angeles 54, 


Condensate Well Corrosion. R. C. Buchan, 
chairman. Humble Oil Refining Co., Hous- 
ton, Texas. 


Sweet Oi/ Well Corrosion. H. L. Bilhartz, 
chairman; E. Greenwell, vice-chairman, 
both with Atlantic Refining Co., P. O. Box 
2819, 


Sour Oil Well Corrosion. J. A. Caldwell, co- 
chairman, Humble Oil & Ref. Co., Box 2180, 

Houston, Texas, and R. L. Elkins, co-chair- 

-_ Shell Oil Corp., Box 1509, Midland, 


Metallurgy—Oil and Gas Well Equipment. 
F. A. Prange, chairman; Phillips Petroleum 
Co , Bartlesville, Okla, 


Sulf de Stress Corrosion. R. S. Treseder, chair- 
man; Shell Development Co., Emeryville, Cal. 


Corrosion of Oil String Casing. Jack L. Battle, 
chairman; Humble Oi/ & Ref. Co., Box 2180, 
Houston, Texas. 


Oil Field Structural Plastics. W. M. Thornton, 
co-chairman; Atlantic Refining Co., P. O. Box 
2819, Dallas, Texas; B. W. Bradley, co-chair- 
man, Shell Oil Company, Tulsa, Okla, 


Evaluation of Inhibitors for Use in Oil & Gas 
Wells. J. C. Spalding, Jr., co-chairman, Sun 
Co., Dallas, Texas. Greco, co-chair- 
man, United Gas Corp., Shreveport, La. 


GALVANIC ANODES FOR CATHODIC 
PROTECTION 


ROBINSON, Chairman 
The Dow Chemical Co. 
616 East Grove St. 
Midland, Mich. 


WAHLQUIST, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


Correlation Data From Operating Installa- 
tions, Sheppard, chairman, Pipe 
Line Corp., Houston, Texas. 


ANODES FOR USE WITH IMPRESSED 
CURRENTS 


PEABODY, Vice-Chairman 
Ebasco Services 
Rector St. 
New York, 


MINIMUM CURRENT REQUIREMENTS 
FOR CATHODIC PROTECTION 


SUDRABIN, Chairman 
Electro Rust-Proofing Corp, 
No. Main St., 

Belleville, 


(Chairmen of all numbered committees 
listed below are members of the full com- 


mittee) 


TP-5 


TP-5A 


TP-5C 


TP-5D 


TP-5G 


TP-6 


TP-6A 


TP-6B 


TP-6C 


TP-6E 


TP-6G 


TP-6H 


TP-6K 


TP-6L 


SCHMIDT, Chairman 
Dow Chemical Company 
Midland, Michigan 


EX-OFFICIO MEMBERS 


WALTER ROGERS 
AARON WACHTER 
CAMPBELL 


CORROSION PROBLEMS INVOLVED 
PROCESSING AND HANDLING 


CHEMICALS 

PAUL GEGNER, Chairman 
Columbia-Southern Chemical Corp. 
Barberton, Ohio 


Corrsoion by Sulfuric Acid. C. L. Bulow, chair- 
man; Bridgeport Brass Co., 30 Grand St., 
Bridgeport, Conn. W, A. Luce, vice-chairman; 
The Duriron Co., Box 1019, Dayton, Ohio. 


Sub-Surface Corrosion by Alkaline Solutions 
(Caustic Embrittlement). C. F. Pogacar, chair- 
man; Atlantic Refining Co., 260 South Broad 
St., Philadelphia, Pa. 


Corrosion by Acetic Acid. H. O. Teeple, 
chairman, International Nickel Co., Inc., 6 
Wall St., New York City. 


Corrosion by Chlorine. R. |. Zimmerer, chair- 
man; Westvaco Chemical Division, Food Ma- 
chinery & Chemical Corp., Drawer 8127, 
Charleston West Virginia. 


Corrosion by Nitric Acid. J. L, English, chair- 
man; Oak Ridge National Laboratory, P. O. 
Box P, Oak Ridge, Tenn. 


PROTECTIVE COATINGS 

LIEBMAN, Chairman 
Dravo Corp. 

Neville Island 
Pittsburgh, Pa. 

KENNETH TATOR, Co-Chairman 
Kenneth Tator Associates 
Montour St. Ext. R.D. 
Coraopolis, Pa. 

PACIFIC (West Coast Div.) 

Whiteneck, Chairman 
Long Beach Harbor Dept. 
Long Beach 


Organic Coatings and Linings for Resistance 
to Chemical Corrosion. R. McFarland, Jr., 
chairman; Hills-McCanna Co., 3025 N.W. 
Ave., Chicago 18, Ill; C. G. Munger, co- 
chairman, Amercoat Corp., 4809 Firestone 
Bivd., South Gate, Calif. 


Protective Coatings for Resistance to Atmos- 
pheric Corrosion, L. L. Sline, chairman; Sline 
Industrial Painters, 2612 Terminal Drive, 
Houston, and Howard C. Dick, vice-chairman, 
Products Research Service, Inc., Box 6116, 
New Orleans, La. 


Protective Coatings for Resistance Marine 
Corrosion, Raymond P. Devoluy, chairman. 
C. A, Woolsey Paint & Color Co., 229 E. 
42nd St, New York 17, N. Y. 


Protective Coatings Petroleum Production. 
Jack Barrett, chairman; Stanolind Oil and 
Gas Company, Tulsa, Okla. 


Surface Preparation for Organic Coatings. 
L. R, Whiting, chairman, Bakelite Corp., 30 
East 42nd St., New York 17, N. Y. S. C. 
Frye, vice-chairman, Research Dept., Beth- 
lehem Steel Co., Bethlehem, Pa. 


Glass Linings and Vitreous Enamel. G. H. 
Mcintyre, chairman. Ferro-Enamel Corp., 
Harvard & 56th St., Cleveland 5, Ohio. 


Corrosion Resistant Construction with Masonry 

and Allied Materials. Robert R. Pierce, chair- 
man. Pennsylvania Salt Manufacturing Co., 
1000 Widener Philadelphia, Pa. 


Asphalt Type Underground Protective Coat- 
ings. Schmidt, chairman; California Re- 
search Corp., 200 Bush St., San Francisco, Cal. 
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TP-7 MATERIALS FOR USE HIGH 


TP-8 


TP-9 


PERATURES 


SCHEIL, Chairman 
Director Metallurgical Research 
Milwaukee, Wisconsin 


CORROSION WATERS 


KENDALL, Chairman 
National Tube Division 
United States Steel Corp. 
Frick 
Pittsburgh 30, Pa. 


Corrosion Gulf Coast Waters, 
Charles P. Dillon, chairman, Carbide and 
Carbon Chemicals Co., Texas City, Texas, 
Brooks, vice-chairman, Dow Chemical 
Company, Freeport, Texas. 


CORROSION INHIBITORS 
ROBERT WISE, Chairman 


National Aluminate Corp. 
6216 West 66th Place 
Chicago, 


WASCO, Vice-Chairman 
The Dow Chemical Co. 
Midland, Mich. 


TP-8A 


IDENTIFICATION CORROSION 
PRODUCTS 


IMHOFF, Chairman 
Research Supervisor, Chemical Lab. 
Allis-Chalmers Co. 
Milwaukee Wis. 


EFFECT ELECTRICAL GROUNDING 
CORROSION 
GLEN APPLEMAN, Chairman 
Pennsylvania Power Light 
Ninth Hamilton St. 
Allentown, Pa. 


TP-12 


ANNUAL LOSSES DUE CORROSION 


ALQUIST, Chairman 
The Dow Chemical Co. 
Midland, Michigan 


TP-13 


INSTRUMENTS FOR CORROSION 
MEASUREMENTS 


Engineering Experiment Station 
University 
Urbana, Ill. 

Electrical Holiday Inspection of Coatings. 7 


Lyle Sheppard, chairman, Shell Pipe 
Corp., Houston, Texas. 


TP-14 


TP-14A 


CORROSION CONTROL 
TRANSPORTATION 


Baltimore Ohio Railroad 
Baltimore 23, Maryland 

MAGEE, Vice-Chairman 
Assoc. Amer. Railroads 
Technology Center 
Chicago 16, Ill. 


Spraul, chairman, Gen. Amer, 
portation Co., E, Chicago, Indiana, 


TP-15 


TP-15A 


Railroad Suppliers of Corrosion Resist a 
way Equipment Co., 4527 
Hammond, Ind. 


Railroads, Technology Center, 


October, 
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ELECTROLYSIS AND CORROSION 


CABLE SHEATHS 


IRWIN DIETZE, Chairman 
Dept. Water Power 
City Los Angeles, Cal. 


1p-16A Stray Railway Current Electrolysis, M. D. 


Fletcher, chairman, Illinois Bell Telephone 
Co., 212 West Randolph St., Chicago 6, Ill. 
Svetlik, co-chairman, Northern Indiana 
Public Service Co., 5265 Hohman Ave., 
Hammond, Ind. 


Corrosion Lead and Other Metallic 
Sheaths. T. J. Maitland, chairman, American 
Tel. & Tel. Co., 32 Sixth Ave., New York 13, 
N. Y. J. C. Howell, co-chairman, Public Serv- 
ice Electric & Gas Co., 200 Boyden Ave., 


Cathodic Protection of Cable Sheaths. R. M. 
Lowall, chairman, Amer, Tel. & Tel. Co., 
1533 Union Commerce Cleveland 14, 
Ohio, Pokorny, co-chairman, Cleveland 
Elec. Illuminating Co., 75 Public Sq., Cleve- 
land Ohio. 


Consolidated Edison Co. of N. Y., Inc., 4 
Irving Place, New York 3, N. Y. J. C. Howell, 
co-chairman, Public Service Electric & Gas 
Co., 200 Boyden Ave., Maplewood, N. J. 


Corrosion and Protection Pipe-Type 
Cables. Frank Kahn, chairman, Philadelphia 
7? Co., 2301 Market St., Philadelphia 


Nonmetallic Sheath Coatings. Geo. Hunt, 
chairman, Simplex Wire & Cable Co., 79 
Sidney St., Cambridge 39, Mass. 


TP-17 STANDARDIZATION PROCEDURES 
FOR MEASURING PIPE COATING 
CONDUCTANCE 


HUDDLESTON, Chairman 
Huddleston Engineering Co. 
Bartlesville, Okla. 


TP-18 INTERNAL CORROSION FACILITIES 
FOR STORAGE AND TRANSPORTA- 
TION PETROLEUM 


SHARPE, Chairman 
Humble Pipe Line Co. 
Houston, Texas 


TP-18A Internal Sour Crude Corrosion of Pipe Lines 
and Tanks, John C. Watts, Jr., chairman, 
Humble Pipe Line Co., Box 1390, Midland, 
Tex, Randell L. Ekins, co-chairman, Shell 
Oil Co., Box 1509, Midland, Texas. 


TP-18B Internal Corrosion Products Pipe Lines. 
Ivy M. Parker, chairman, Plantation Pipe 
Line Co., Box 1743, Atlanta, Ga. Raymond 
Hadley, chairman, Sun Pipe Line Co., 1608 
Walnut, Philadelphia 3, Pa. 


TP-19 CORROSION DE-ICING SALTS 


KULMAN, Chairman 
Consolidated Edison Co. Y., Inc. 
Irving Place 
New York 


HART, Vice-Chairman 
Bell Telephone Co. 
208 West Washington St. 
Chicago Ill. 


TECHNICAL REPORTS 
Available from 
NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


TP-1 Report on Field Testing of 32 Al- 


loys in the Flow Streams of Seven 
Condensate Wells (Pub. 50-3) NACE 
members, $8; Non-members, $10 per 


copy. 

First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 per 
copy. 

First Interim Report on Ground 
Anode Tests, (Pub. 50-1) NACE 
members, $3; Non-members, $5 per 


copy. 

Sour Oil Well Corrosion. Corrosion 
August, 1952 issue. NACE members, 
$.50; Non-members $1 per copy. 
Field Experience With Cracking of 
High Strength Steel Sour Gas and 
Oil Wells. (Included in Symposium on 
Sulfide Stress Corrosion. (Pub. 52-3) 
$1 per copy, 5 or more copies to one 
address, $.50 per copy, 

Materials Construction for Hand- 
ling Sulfuric Acid. Corrosion, August, 
1951 issue. NACE members, $.50; 
Non-members, per copy. 

Stress Corrosion Cracking in Alkaline 
Solutions. (Pub. 51-3) Per copy, $.50. 
First Interim Report on Recommended 
Practices for Surface Preparation of 
Steel. (Pub. 50-5) Per copy, $.50. 
Second Interim Report on Surface 
Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1) Per 
copy, $1; five or more copies to one 
address, per copy $.50. 

Report on Electrical Grounding Prac- 
tices, Per copy 


NICOLET INDUSTRIES, INC. 


QUALITY MANUFACTURER 


NICOLET ASBESTOS 
FELT 


Nicolet Regulator Asbestos Pipe Line Felt. 
Nicolet Perforated Asbestos Pipe Line Felt. 
Nicolet Medium Weight Asbestos Pipe Line Felt. 
Nicolet Vitrabestos, Glass Reinforced Asbestos Pipe 


Line Felt. 


Other weight felts which are available because Nico- 
let custom manufacturer Felt Products. 
Nicolet Asbestos Pipe Line Felt has the minimum organic 
content and application strength obtained without the 
use organic reinforcements, such hair. 
Write for your copy the new Nicolet Catalog 
ALL INQUIRIES WELCOME 


DIRECTORY TECHNICAL PRACTICES COMMITTEES 
4 
TP-2 
TP-3 
TP-5C 
li 


de 


are one seamless 
corrosive 


fumes and extr 


mal 
eel off! 

paints 

ERKOTE 


and workmanship! 


RKOTE Mast 


furnish 


ing columns for materials 
Erkote 
sisting Mastic 


ele water tower 


q eries, in P { 


From Crude—to Plasma—to MSG 


Stainless Tubing 


Passes All Tests 


the column the left you see pictured high 
pressure Viscosimeter used for field testing the 
petroleum industry; Blood Plasma Sterilizer that 
speeds processing that vital fluid; Calandria 
used extract highly corrosive Glutamic Acid 
process making Monosodium Glutamate add 
savor food. 


These pieces equipment have one thing common— 
Carpenter Stainless Tubing—and for each one Car- 
penter tubing was specified for different set 
reasons. They included extra smoothness I.D. and 
O.D., unusual concentricity, close adherence pub- 
lished tolerances, good ductility, ease working and 
corrosion resistance. One reason, however, was com- 
mon all specifications—unvarying quality—from 
piece piece, order order. 


short, the manufacturers these and many other 
diverse types processing equipment know that there 
difference stainless tubing—and Carpenter 
makes that difference. Why not get the cost-saving 
advantages all-round service satis- 
faction the next time you need stainless tubing? 


Call your Carpenter representative for prompt 
service your requirements plus help solving 
design, engineering fabricating problems. 


The Carpenter Steel Company, Alloy Tube Division, Union, 
Branch Offices: Atlanta Chicago Pittsburgh 
Houston Newark San Francisco 


Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. 
““CARSTEELCO” 
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Caterpillar Tractor Co. protects 


finished ferrous metal parts from corrosion 


during shipment and storage wrapping 


effective protection against corrosion than 


Caterpillar Diesel methods. 


VPI corrosion-prevention material 


developed Shell Development Company 


using Monsanto chemical. gives off 


vapor that keeps out rust. VPI available 


coated wrapping paper and cardboard 
cartons, and also crystals and 


liquid solutions. 


your business involves ferrous metals, 
bear this mind: VPI will 
keep stored precision parts 


large assemblies free 


ing. mess, additional INDUSTRY... 

WHICH SERVES MANKIND 
weight cost. 


Pat. Off. Shell Development Co, 


felling more about VPI 
and listing sources supply available 

request. Write: Monsanto Chemical 
Company, Organic Chemicals Division, 

800 North Twelfth Blvd., St. Louis Missouri. 


October, 
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HEAVY DUTY 

SELENIUM STACKS 

HEAVY DUTY TRANSFORMER 
1st CLASS WORKMANSHIP 
ALL-WELDED 

11-GAUGE CASE 

CUSTOM MADE YOUR 
INDIVIDUAL NEEDS 


MANKINO 


When you need withstand the most rugged con- 
ditions performance and durability rely B-K 
Rectifiers, the Rectifiers with the VITAL INGREDIENTS 
plus the HIGHEST QUALITY METERS and AUXILIARY 
EQUIPMENT that assure you dependability and 
quality workmanship every time. 


qualified B-K engineer will glad help you 
with your corrosion problems ANY TIME and 
EXTRA CHARGE you. Feel free call B-K for this 
service! 


LET YOUR NEAREST B-K REPRESENTATIVE 
HELP YOU WITH YOUR NEXT INSTALLATION 


BRANCE-KRACHY CO., INC. 
4411 NAVIGATION BLVD., BOX 1724, HOUSTON Box 1724, Houston, Texas 


Please send me details on your B-K Rectifiers. 


2850 FLORENCE ST., HUNTINGTON PARK, CALIF. 
1344 GRISWOLD ST., PORT HURON, MICH. 


For Full Information, Write, Wire Teletype (HO-561) 
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Use this pressure sensitive polyethylene tape protect pipes from corrosion under. 
ground above it. Quick and easy apply—no heating mixing, liquids, 
solvents thinners, cleanup and drying time. Just take roll and start 
wrapping. Portable wrapping machines are available for long runs the field 
the plant. High dielectric strength and low vapor transmission rate assure lasting 
protection against corrosive environments. 


QUANTITY SHIPMENTS FROM HARVEY, LA. 


factory shipment anywhere—Oil field type service. 
We’re the other end the telephone line from everywhere 
—call us. 


Apply hand feet per minute 
portable machine 


Polyken Tape No. 900 (black) and No. 910 (gray) have been used 
satisfactorily hundreds installations. Ask for complete tech- 
nical information this modern pipe wrapping that combines speedy 
application with the chemical inertness polyethylene. carry 
full stock various widths, ready ship you right away. 


ALL-CO RECTIFIERS COMPLETE DESIGN and 
Oil Air Cooled INSTALLATION SERVICE 


Price and Delivery Information Request 


Price list and equipment description available request. 


ALLEN CATHODIC PROTECTION CO. 


900 BLOCK PETERS ROAD—HARVEY, LA. 
TELEPHONE: NEW ORLEANS—EDISON 2081 


October, 
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PITT CHEM 
Moisture 


and Atmospheric Corrosion 


You could apply ordinary paints exposed 
steel structures like this for the rest your 
life without finishing the job. For the 
time you’ve completed one end, moisture 
and corrosion have started eat away 
the other. takes tough, durable materials 
like Pitt Chem Tar Base Coatings 
lasting job. 

Pitt Chem Tar Base Coatings are 
times thick ordinary paints. They 


PITT CHEM 
PITT CHEM 
PITT CHEM 
PITT CHEM 
PITT CHEM 
PITT CHEM 
PITT CHEM 


101—For Severest Conditions 
102—Maintenance Coating 
Purpose Coating 
104—Potable Water Service 

105 AQUATAR—A Water Dispersion 
106 TARMASTIC—Sealing Compound 
107 PACHKOTE—Specialty Coating 


PITT CHEM 110—Specialty Coating 


Structural Steel! 


are economical and easy apply. 
more, Pitt Chem Coatings are made from 
coal tar pitch—one the most impervious 
materials ever employed stop corrosion 
—and produced plant designed exclu- 
sively for the manufacture coal tar coat- 
ings. have corrosion problem 
involving steel, masonry, brick stone 
surfaces, call Pittsburgh see our 
catalog Sweet’s Plant Engineering File. 


4701 


COATINGS 
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CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good, 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents, 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 


Officers, 1953-54 


Houston, Texas 


Emeryville, Cal. 


1061 Houston Texas 


Directors 


President 


Gulf Corporation, Houston 


Vice-President 
Shell Development Company, Emeryville, Cal, 
Treasurer 
Humble Pipe Line Company, Houston 
Past President 
Ohio State University, Columbus 


Representing Active Membership 


Koppers Co., Westfield, 

Interstate Oil Pipe Line Co., Shreveport, 

NORMAN 1952-55 
University Texas, Austin 


Phillips Petroleum Co., Bartlesville, Okla. 


Representing Corporate Membership 


The Crane Company, Chicago, 
Aluminium Laboratories, Ltd., Kingston, Ont, 
United States Steel Corp., Pittsburgh, 
Dow Chemical Corp., Midland, Mich. 
United States Steel Corp., Vandergrift, Pa. tak 
Representing Regional Divisions 
Parker Rust Proof Company, Detroit, Mich, the 
(South Central) 1953-56 
Shell Oil Company, Houston, Texas cep 
International Nickel Co. Canada, Ltd., Toronto 
Board Harbor Commissioners, Long Beach, 
California 
American Cast Iron Pipe Co., Birmingham, Ala, 
Consolidated Edison Co. Y., New York City 
Directors Officio 
BALDWIN, Chairman Regional Management 
Committee 
Johns-Manville Sales Corp., New York, 
NOPPEL, Chairman Policy and 
Committee 
Ebasco Services, Inc., New York, 
United States Steel Corp., Pittsburgh, Pa. ton 
sul 


Committee 
The Dow Chemical Company, Midland, Mich. 
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AFTER being inactive for considerable 
has been reorganized. The initial meeting 
the reactivated committee was held during the 
National Association Engineers Conference 
Chicago March, when the scope the proposed 
the committee was discussed. There were 
indication the interest the subject corrosion 
and measurements. 

The committee’s first project will work 
toward preparation fairly complete corrosion 
and measurements handbook, possibly 
with the American Gas Association, 
the interest expressed such under- 
taking the Chicago meeting. was recommended 
that the handbook contain adequate information 
the proper application and utilization 
which was not fully accomplished 
tte AGA handbook now available, which consists 
manufacturers descriptive literature ex- 
for brief section the front the book. 

has been recommended that sub-commit- 
measurements and evaluating statistical 
obtained from them. indication interest 
subject NACE members would ap- 


me University of Illinois, Urbana. 


TP14 Members 


Hayward, Chairman, University 
Services, New York, New 
York; Lyle Sheppard, Shell Pipe 
Line Corp., Houston, Texas; Marshall 
Parker, Consulting Engineer, Hous- 
Texas; Francis Ringer, Con- 
sulting Engineer, Narberth, Penn.; 


Belson, 


Mavor 


OFFICIAL MONTHLY PUBLICATION 


October, 1953 


Charles Woody, United Gas Cor- 
poration, Houston, Texas. 


TP14-A Members 


Lyle Sheppard, Chairman, Shell Pipe 

Line Corp., Houston, Texas; 
Stearns Company, 
Shreveport, La; Kelly, 
Kelly Company, 


National Association Corrosion Engineers 


Association Individuals and Organizations Concerned with 


Corrosion Instruments and Measurements 
Handbook Objective 


Another activity suggested for the committee 
that work toward standardization the ranges 
and characteristics instruments used for corrosion 
measurements. There now considerable variation 
the instruments available, some which are not 
too well suited for corrosion measurements. 


The need for recording instruments for use 
making stray current studies has been stressed and 
has been pointed out that instruments currently 
available lack some desired features. has been 
recommended that the committee undertake work 
with recorder manufacturers attempt have 
needed improvements incorporated. 


far, the only sub-committee TP-14A Coat- 
ing Holiday Inspection and Standards. The chairman 
reports that the plans for this sub-committee include: 


Pipe line inspection before burial. 
bottom inspection. 
Pipe line inspection after burial. 


Work the first subject has been started and the 
remaining two will given attention later. The sub- 
committee made representatives manu- 
facturers, users and coating companies order 
have all areas interested holiday inspection repre- 
sented. planned that the working sub-committee 
will kept small and that its findings will re- 
ported larger group before being released. 


Company, Indianapolis, Ind.; 
Reeb, Pipe Line Service Corp., Corpus 
Christi, Texas; Ray Smith (not 
member NACE); Wade, 
Transcontinental Gas Pipe Line Com- 
pany, Houston, Texas; Wahl- 
quist, Ebasco Services, New York, 


New York. 


Houston, 


Houston Texas 


No. 
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Fundamental Concepts Electrode Potentials: 


ANDRE deBETHUNE 


THE OUTSET any discussion electrode 

potentials, well recall these words 
Willard Gibbs, the founder thermodynamic 
electro-chemistry 


The consideration the electrical potential the 
electrolyte, and especially the consideration the 
difference potential electrolyte and electrode, 
involves the consideration quantities which 
have apparent means physical measurement, 
while the difference potential “pieces metal 
the same kind attached the electrodes” ex- 
actly one the things which can and 
measure. 


Any measurement electrode potentials pre- 
supposes the presence second reference elec- 
trode, the potential difference measured that be- 
tween the leads connecting the electrodes the 
voltmeter potentiometer. The absolute potential 
difference between metal and electrolyte cannot meas- 
ured and therefore scientifically meaningless con- 
cept. adopting constant reference electrode, changes 
the metal-electrolyte potential difference can meas- 
ured and become scientifically meaningful. 

Once the reference electrode clearly defined, or, 
least, understood, becomes licit talk about the 
potential single electrode. 

Two important reference electrodes are: the 
standard hydrogen electrode (SHE) and the sat- 
urated calomel electrode (SCE). The SHE consists 
platinized platinum wire saturated with hydrogen 
electrolyte containing hydrogen ions unit 
activity (e.g. approximately molal HCl). The SCE 
electrode mercury covered with paste 
calomel and electrolyte saturated 
KCl. cell consisting one SHE and one SCE 
has open-circuit emf 0.245 volts degrees 
(77 degrees with the SCE connected the 
terminal the potentiometer. (Figure 1.) 

For the most exact purposes, often necessary 
measure the emf cell battery without draw- 
ing any current from (open-circuit emf). This can 
done approximately with high resistance 
voltmeter and exactly with vacuum-tube voltmeter, 
with potentiometer (Poggendorf compensation 


Types Electrode Potentials 


When piece metal dipped into conduct- 
ing liquid, reference electrode introduced and the 
potential difference measured, one finds general 
that the potential the metal does not reach any 
steady value but fluctuates erratically with time. The 
events the electrode-liquid interface which deter- 


% A paper delivered at the Ninth Annual Conference, National Asso- 
ciation of Corrosion Engineers, Chicago, Ill., March 16-20, 1953. 
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ANDRE deBETHUNE—Associate Professor 
Chemistry, Boston College, Chestnut Hill, 
since 1949, Prof. deBethune native 
gium, but has been the United States since 
1928. His research includes investigations 
hydrogen gaseous diffusion 
permeabilities and electrode With 
degrees from St. Peter’s College (1939) 
Columbia University (1945) has been 


Columbia University Division War Research 
and Carbide and Carbon Chemicals 
45. was National Research Fellow with Prot 
Scatchard MIT, 1945-47, and has been 

Boston College since. belongs 
professional organizations and consultant Carbide and 
Chemicals Corp., Oak Ridge, Tenn. 


Abstract 


The potential differences observed meta! liquid 
interfaces arise result two distinct phenomena: 
reversible electrodes, phenomena associated 
with Faraday’s Law; polarized electrodes, 
phenomena associated with the charging the 
double layer. reversible (or nearly reversible) 
electrodes, electricity can flow through the interface 
the mechanism electron exchange reaction 
between the metal and the chemicals present the 
electrode surface. When electrons are donated the 
metal (reduction), the electrode cathode. When 
electrons are removed the metal (oxidation), the 
electrode anode. When electron exchange 
equilibrium, the electrode potential governed 
the Nernst equation. derivation this 
equation given. Its two terms, the standard poten- 
tial term, and the Mass Action term are discussed. 
The standard hydrogen electrode (SHE) 
convenient reference point from which measure 
electrode potentials. The conventions regarding the 
signs and nomenclature electrode potentials are 

With net current flowing, the electron exchange 
not equilibrium and the potential the elec- 
trode displaced from the reversible Nernst value 
(polarization potential). Polarization anode 
shifts the potential more noble direction; 
cathode, less noble direction. The application 
cathodic polarization the cathodic protection 
metal discussed. The properties the electrical 
double layer ideal polarized electrode are sur- 
veyed both from the point view the potential 
zero charge (the isoelectric point the electrode) 
and from the point view the differential capacity 
the double layer. 


mine the potential may enormously 
and may differ different portions the same 
surface (local cells, oxide films, passivation, 
strain, competing reactions, etc.). the nature 
the surface varies with time, does the 
Yet takes only very minute amounts 
alter radically the nature surface, 
monolayer water covering square foot 
only micro-ounce. This example shows that 
severe conditions chemical purity may 
before electrode potentials become 

There are two limiting cases where 
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potentials can measured, viz., re- 
electrodes, and (ideally) polarized elec- 
single electro-chemical reaction occurring 
100 percent current efficiency) and equi- 
(or nearly so). The potential determined 
this reaction according the Nernst equation. 
(ideally) polarized one which 
electricity between metal and electro- 
inhibited: charges move the interface 
not cross (electrical double layer). The 
potential determined the charge and capacitance 
double layer. 
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Potentials Reversible Electrodes 


reversible (or nearly reversible) electrodes, 
crosses the interface the mechanism 
exchange reaction which occurs with 100 
current efficiency according Faraday’s 
electrons are donated the metal the 
materials, the chemical reaction reduc- 
and the electrode called cathode. Examples 
reductions include the plating out metallic 


rsible) reduction the electrode material itself (as 

ver chloride coated silver electrode), 

eactl 

yv tne 

electrons are removed the metal from the sur- 

poten- 

change 

anodic corrosion the electrode, 

sur- the terminal the potentiometer has 

"ore noble potential. galvanic cell, e.g. dis- 

battery, the more noble electrode “(the 
acts cathode and the less noble elec- 

direction the current reversed, e.g. re- 

ame harging the battery, the cell becomes electrolytic 

which the more noble electrode (the 

nature acts anode and the less noble electrode 

positive current flows from the the 

ce, inside the battery. electrolytic cell, 

sitive current flows from the the terminal 

the either case, positive current 

flows from the anode the cathode inside 

acible. electric current will always 


| 
producible 


cations the cathode and anions the anode 
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Figure ceil made standard hydrogen electrode (SHE) and 
saturated calomel electrode (SCE). “Open circuit” electromotive force 
measured with potentiometer the Poggendorf compensation method. 


regardless the mode operation the battery 
(galvanic electrolytic) and regardless whether 
the anode (or cathode) located the the 
terminal. Any given electrode can function either 
anode cathode depending the electrode 
with which paired and the manner operation 
the cell. 

the surface any reversible electrode, the elec- 
trode reaction occurs simultaneously both the 
anodic and the cathodic direction. When the rates 
the two opposing reactions become equal, the elec- 
trode reaches state dynamic equilibrium and its 
potential given the Nernst This 
equation can derived rigorously 
dynamics. However, kinetic derivation illustrates 
better some the physical aspects and therefore 
given below. 

Suppose electrode the metal dipping 
solution containing the ions plus negative ions 
neutralize the charge. the surface the elec- 
trode, there occurs the reaction: 


Let the rate the forward cathodic process, 
and the rate the reverse anodic process. the 
Law Mass Action, the rate should proportional 
the activity* the ions solution, i.e., 
and the rate should proportional the activity 
the atoms the surface the metal, 
where and are rate constants. 


*The activity of any substance is rigorously defined in thermo- 
dynamics and it is a quantity which increases when the chemical 
potential (or partial molal free energy) of the substance increases. 
For present purposes, consider the activity of the ions to be given 
approximately by their molal concentration (number of gram- 
moles of ions per kilogram of solvent); while the activity of the 
metal atoms may be taken as equal to what Nernst originally 
called their “solution pressure.” 
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plating out 


Figure 2—The potential energy barrier electrode surface. 


These expressions are too simple, however, that 
they neglect the effect the electrode potential. 
The metal can visualized crystalline lattice 
ions surrounded electron gas made 
the valence conduction electrons the metal 
atoms. Reaction may therefore more correctly 
represented 


the transfer ion from the solution 
lattice point the metal surface. Suppose that the 
(referred the SHE). This positive potential repels 
the ions away from the metal towards the solution. 
thus slows down the cathodic plating-out rate and 
promotes the anodic corrosion rate 

Suppose further that the ion must cross some 
sort potential energy barrier going through the 
interface. Figure the solid curve represents this 
potential energy barrier when when the 
electrode the potential the SHE). The polariza- 
tion the electrode positive potential raises the 
potential energy the ions the electrode surface 
the dotted curve. the fraction the potential 
operates between the metal surface and the top the 
barrier and the fraction between the top the 
barrier and the bulk the solution, apparent from 
inspection Figure that the height the barrier 


* This is the so-called ‘‘European’’ convention, by which an electrode 
more noble than the SHE is assigned a positive potential value. 
The opposite ‘‘American" convention is discussed further in the text. 


raised the amount for process For 
process the summit the barrier 
(1—a)VF but the base raised that 

Chemical kinetics teaches that the rate 
reaction proportional the exponential 


when the reaction has overcome potential energy 


barrier height the gas constant, the 
solute temperature 273). Therefore the 
the potential the rate the plating-out 
can represented the equation 


where the effect the positive potential 
exponential decrease the plating-out rate. 
other hand, for the corrosion reaction, 


potential lowers the net height the energy barrier 


that obtain the equation: 


where the effect the positive potential caus 


exponential increase the corrosion rate. 

When the electrode polarized negative 
becomes negative quantity. Inspection equation 
and (10 shows that this case the 
reaction speeded and the corrosion reaction 
down. 

When the two opposing rates are equal, the 
and (10, solving for and going from 
natural logarithms, obtain the Nernst equation 
the form 


Suppose now that both activities can set equal 
unity. This presupposes that the electrode chemicall 
pure and strain-free condition and that the 
tion contains ions activity (approximately, 
concentration) gram-mole per kilogram 
molal). This the “standard state” the 
(11, seen that the potential the electrode 
standard state, designated given 


room temperature RT/F 0.026 volts. After 
version common logarithms, the Nernst equation 
obtained its usual form 


(0.060 volts) log (M*)/(M). 


general, any reversible electrode reaction 
written 


oxidized form reduced form. 


argument analogous that developed above, 
can shown that the Nernst equation then becomes 


(red) 


where (ox) and (red) denote the activity 
preduct activities) the oxidized and 
materials respectively, and the number 
involved the oxidation-reduction step. 
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TABLE charge, the zinc anode corrodes and copper ions plate 
The Electromotive Series (77 out. recharge, the zinc ions are made plate out 
the and the copper redissolved. 


Standard Potential, V° 
(Referred to the SHE) 


E Volts 
—-—_——--—— Less Noble 
(SHE) 0.00 Potentials 
+0.34 Potentials 


+0.53 
+0.80 


*M in this table denotes an inert metal electrode which acts merely as a 
donor or acceptor of electrons. Platinum is often used for that purpose. 

** This is not a standard potential, since the SCE is not a standard state 
electrode. The potential of the standard state calomel electrode is +0.268 
volts. 

Cause . 


tions 
The most important characteristic electrode 
owed the value its standard potential V°. tabulation 
the electrodes according their standard potentials 
trode called the electromotive series. Table gives brief 
selection electrodes taken from Close 
the top will found the active electropositive metals, 
ation such potassium, sodium and magnesium which have 
strong chemical tendency toward corrosion. the 
bottom will found the noble metals such silver 
and gold and the active electronegative non-metals such 
fluorine and chlorine. The lower electrode appears 
the series, the more noble its potential. 


Interpretation Standard Potentials 


The electromotive series gives clue the relative 
oxidizing and reducing power substances. The metals 
(and all other reducing agents such are 
listed order decreasing reducing power. The non- 
metals (and all other oxidizing agents such 
are listed order increasing oxidizing power. 
There simple rule for determining whether not 
any given oxidation-reduction reaction possible; 
reducing agent can react with any oxidizing agent below 
the series; oxidizing agent can react with any 
reducing agent above the series. For example, zinc 
metal can reduce hydrogen ions but not magnesium ions, 
hydrogen ions can corrode iron but not copper. 


the oxidation and reduction steps can made 
occur two separate electrodes with the electrons trans- 
ferred through external wire, cell battery 
created which can act source electric power. 
this case, the electrode lower the series, with the more 
noble potential, the terminal the cell. acts 
cathode discharge* and anode recharge. 
For example, the cell (the Daniell cell), 
copper the terminal. The emf the cell can 
taken the algebraic difference the two electrode 
potentials, volts for the copper minus 
volts for the zinc gives emf 1.10 volts. dis- 


*This fact accounts for the Corrosion Handbook’s designation of 


more noble potentials as “cathodic” and less noble potentials as 
anodic.” 


The electromotive series also gives clue the order 
which anode and cathode reactions occur electro- 
lysis. the cathode, the ion easiest reduce plates 
out first, e.g.: before before before 
This order can disturbed actual practice the 
appearance irreversible effects, e.g.: hydrogen over- 
voltage which may shift the discharge potential 
several tenths volt the less noble direction. 

The standard potential electrode governed 
interesting thermodynamic relation. Equation (12 
contains the expression which nothing else than 
(i.e., the potential the SHE). Therefore, 
possible compute from means equation 
(12, e.g.: for the sodium electrode, 


—2.71 volts (0.060 volts) 


Therefore, log —2.71/0.06 —45, and 
metal equilibrium with molal ion (at the 
potential the SHE) amounts about one atom 
metallic sodium volume the size the earth’s! 
Recall the well known thermodynamic equation 


where the standard increment free energy 
for the chemical reaction whose equilibrium constant 
Equation (12 can then rewritten 


=—AG°/F. (17 


reaction (7, the standard free energy change 
equal 


the difference standard chemical potential (stand- 


ard partial molal free energy) between the metal 
and its ion.* Therefore, 


the standard electrode potential equal the 
standard increase chemical potential the metal 
when ionizes (corrodes) per Faraday ions pro- 
duced. 


The Electrochemical Law Mass Action 


When the activity the metal its ion differs 
from unity, the reversible electrode potential differs 
from the standard value This the case, for in- 
stance, when the metal not pure but alloyed 
amalgamated, when the activity (concentration) 
the ion has value different from molal. this case, 
the electrode potential must determined from the 
full Nernst equation: equation (13 for 
metal, equation (15 for n-valent metal. Because the 


*To be strictly accurate, AG° is the standard free energy change for 
the reaction M+ + fl, = H+ + M. The adoption of the SHE as a zero 
of potential is equivalent to the arbitrary convention that AG°® for the 
reaction+Hz =a H+ + e- is equal to zero, This convention must be kept 


in mind when interpreting equations (18 and (19. 
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Nernst equation involves the activity both the metal 
(reduced form) and the ion (oxidized form), 
may well called the Electrochemical Law Mass 
Action. 

Suppose that the metal present amalgam. 
Its activity therefore less than that the pure metal. 
The the metal decreased, its 
tendency toward corrosion lessened, the metal acts more 
like noble metal. Its reversible potential should there- 
fore shifted more noble value. inspection 
equations (13 and (15, seen that the activity 
ratio (M*)/(M) (ox)/(red) increased, and that 
shifted higher (positive) value, i.e. more 
noble value. 

Suppose instead that the activity the ion 
decreased. The plating-out tendency the ion thereby 
lessened and the corrosion tendency the metal en- 
hanced. The metal becomes better reducing agent, 
more active metal. Its reversible potential should 
shifted less noble value. inspection 
equations (13 and (15, seen that the activity 
ratio (M*)/(M) (ox)/(red) decreased and that 
shifted lower (positive) value, i.e. less 
noble value. 

There are many practical applications the Nernst 
equation. Only two them will sketched: the deter- 
mination and the measurement the solubility 
slightly soluble salts. For the determination pH, 
cell the type depicted Figure can used. Suppose 
that the solution unit activity replaced 
solution unknown pH. The potential the hydrogen 
electrode shifted from its standard value 
—0.245 volts when the SCE used the reference 
electrode) the value 


For hydrogen gas atmosphere pressure, 
The potential the hydrogen electrode becomes 


V(HE) 0.060 pH, (21 


the hydrogen potential shifted millivolts 
less noble direction for every unit increase the pH. 
The emf the whole cell then becomes equal 0.245 
volts 0.060 volts and can used compute the 
unknown pH. 

The solubility slightly soluble salts can deter- 
mined from the Nernst equation illustrated the fol- 
lowing example. The standard potential silver +0.80 
volts (Table pure silver electrode dipped solu- 
tion saturated with silver chloride and containing molal 
chloride ion has potential +0.22 volts. Apply the 
Nernst equation these facts: 


For pure silver, (Ag) Therefore, log (Ag*) 
(0.22 0.80)/(0.06) —9.7 and (Ag*) 
For salt this valence type, the solubility 
equal the square root the product, viz., 
gram-moles per Liter. 
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Note Regarding the Sign the Electrode 


The sign convention followed this paper was 
first adopted the German Bunsen 
and used the Faraday Society and the 
trochemical Society. This convention 
used hence the name “European,” 
also widely used this country practical 
analytical 
and 

The alternative convention, viz., that assigning 
positive value the potential electrode less 
noble than the SHE, was promulgated 
and extensively followed American 
physical hence the name “American,” 
particular, Latimer’s work® which contains the 
best collection electrode potentials, uses it. 

Because the coexistence these two conventions 
has created untold confusion the minds many, 
their principal features will briefly reviewed 
The electrode potential according the European 
convention can taken equal the potential 
difference 


within arbitrary additive constant. The elec- 
trode potential according the American conven- 
tion then equal the potential difference 


within arbitrary additive constant. 

The great advantage the European convention 
rests the fact that the sign the electrode po- 
tential corresponds the polarity the electrode 
determined with any potential measuring de- 
vice. any two electrodes paired together form 
cell, the one with the higher (positive) potential 
the terminal. 

There one paradox the European convention, 
namely: electropositive elements (K, Na) have 
tive electrode potentials, and electronegative elements 
(F, Cl) have positive electrode potentials. 
dox easy resolve, however. Consider sodium, 
strongly electropositive element. the couple, 
there strong tendency for the sodium atoms 
corroded, forming positively charged sodium ions and 
leaving their electrons behind give negative charge 
(and therefore negative potential) the metal. the 
other hand, electronegative elements have strong 
tendency remove electrons from electrode form 
negatively charged ions and thus leave the electrode 
with positive charge (and with positive potential). 

The American convention assigns positive potentials 
the electropositive elements and vice-versa. But 
embraces the paradox that electrode potential and 
trode polarity determined the laboratory should 
opposite sign. The following instruction taken from 
well known laboratory manual physical chemistry 
which follows the American convention 


found the laboratory that the electrode 
the negative electrode, the measured electro- 
motive force given positive sign. the electrode 
found the positive electrode, then the 
measured electromotive force written negative 
quantity. 
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sincerely hoped that this unnecessary and 
costly confusion may ended some definitive inter- 
national agreement. the meantime, the author would 
recommend the practice followed the present 
paper, take advantage the one loophole allowed 
Lewis and their great work. This loop- 
hole consists always writing electrodes the order 


solution metal 


and electrode reactions reductions which electrons 
are consumed, equations and (14. this 
done, the thermodynamic conventions Lewis and 
Randall not only permit but require the use the 
European sign convention.* 

regards the designation potentials names, 
apparent now that the terms positive and negative 
have been hopelessly confused the disagreement be- 
tween the two sign conventions. The terms suggested 
the Corrosion Handbook, viz., anodic and cathodic 
potentials, are not unambiguous either witness the 
following quotation from that 


the electrode will polarize anodically and its 
potential will altered the cathodic direction. 


The only terms which this author has found 
devoid confusion are the terms noble and active po- 
tentials, referring the potentials metals more noble 
(or more active) than hydrogen, respectively. 
way potentials can referred more noble less 
noble, more active less active. the present paper, 
the terms more noble and less noble are used exclusively, 
together with the European sign convention. 

summary the different conventions regarding 
signs and designations electrode potentials 
given Table 


Polarization Electrode 


the derivation the Nernst equation, the im- 
portant assumption made that the electrode 


equilibrium, i.e. the rates the opposing cathodic and 
anodic processes, equations and (10, can set 


*In the Lewis and Randall convention, a positive potential value repre - 
spontaneous tendency for positive electricity cross the inter- 
face from left to right. Therefore the sign of their electrode potential 
changes when the order of writing the electrode is changed from 
metal/solution to solution/metal, notwithstanding the fact that the 
polarity of the electrode in any given cell does not change when the 
order of writing the electrode changes. 


TABLE 
Signs and Designations Electrode Potentials 
Polarity the ele 
SHE (or with respect to the other electrode | 
in the cell)....... + 


Potential designation on the noble-active scale. noble active 
more noble* less noble* 
less active more active 


European sign convention* (also 
Randall for M*|M and e~ + M* = M)*.../ * 


American sign convention. (I is a | 
‘ (Lewis and | 
_ Randall for M/M* and M = M+ e-). 


om, of Current Flow in a Galvanic Cell 
So Corrosion Handbook designation for 


_the Potential) cathodic anodic 
po poh Current Flow in an Electrolytic 
also polarization potential) Fas anodic cathodic 


ELECTRODE POTENTIALS 


(S.H.E. POTENTIAL) 


CURRENT 
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Figure 3—Polarization cell. 


equal. When net current flows through the elec- 
trode-solution interface, the potential often dif- 
ferent from the equilibrium (reversible) value given 
the Nernst equation’(13 (15. The change 
overvoltage. may looked upon additional 
emf needed push the current through resistance 
(of whatever chemical mechanical nature) local- 
ized near the electrode surface. 

The direction this potential shift can simply 
related the direction current flow. the deriva- 
tion the Nernst equation, seen that posi- 
tive (more noble) potential opposes the cathodic 
(plating-out) reaction and promotes the anodic (cor- 
rosion) reaction. Therefore can concluded that 
potential shift the more noble direction will yield 
net anodic current. Conversely, potential shift the 
less noble direction will yield net cathodic current. 
Expressed mathematically, 


V = V. (22 
(23 


where (or the potential working anode 
(or cathode), the equilibrium Nernst potential, and 
and are the anodic and cathodic polarizations, 
respectively. The symbol used designate the 
absolute magnitude the polarization potential regard- 
less the direction the shift. 

The effect polarization the electrode poten- 
tials cell sketched Figure The vertical 
axis potential axis with negative (less noble) 
potentials the top (as the Electromotive Series). 
The horizontal axis current axis with galvanic 
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(discharging) currents increasing the right, and 
electrolytic (charging) currents increasing the 
left. The heavy lines represent the dependence the 
two electrode potentials the current, e.g., the 
terminal suffers cathodic polarization discharge 
and anodic polarization charge (the converse 
true the terminal). zero current, the ver- 
tical distance between the two curves equal the 
open circuit emf the cell. discharge, polariza- 
tion pulls the electrode potentials together and the 
net emf discharging battery less than the open 
circuit emf. charge, polarization pushes the elec- 
trode potentials apart and the applied charging emf 
must greater than the open circuit emf. 

Note that the polarization curve for the ter- 
minal has been sketched more nearly horizontal than 


that for the terminal. This means that the 
terminal, this case least, more nearly re- 
versible (less than the terminal. 


Polarization curves are not necessarily straight 
lines and they can assume very complicated shapes 
(e.g., the staircase shaped curve the polarograph). 
There are three principal mechanisms which 
polarization arises: concentration, resistance and 
activation 


the passage current alters the concentration 
(activity) the ion (ox) the immediate 
vicinity otherwise reversible electrode, its 
Nernst potential (13 (15 thereby modified from 
the zero-current (reversible) value. This known 
concentration polarization. general, this type 
polarization does not exceed values the order 
one two tenths volt, often characterized 
the appearance limiting currents (as polaro- 
graphy) and can always lessened rotation 
stirring the electrode. 

the electrode-solution interface has appre- 
ciable resistance, due very dilute electrolyte near 
the electrode oxide other film, the elec- 
trode potential includes ohmic term the form 
iR. This known resistance polarization. This type 
polarization always gives linear relation between 
current and potential. 

the electrode reactions are inherently slow, 
the rate constants and equations and (10 are 
very small, large polarization voltage (of the order 
volt) must applied drive appreciable 
current through the interface. this case, the height 
the potential energy barrier (activation barrier, 
Figure high (e.g., for hydrogen overvoltage 
mercury, 0.95 Faraday-volts), that one can 
speak activation polarization. From equations 
and (10, seen that this type polarization gives 
rise current exponentially dependent the po- 
tential, the logarithm the current linear 
function the potential. This type relation was 
many 


Cathodic Protection 


the discussion equations and (10 was 
pointed out that negative (less noble) potential 
promotes the plating-out reaction and slows down 


the corrosion reaction. Thus induces net 
current. metal can, therefore, protected 
corrosion cathodic polarization, i.e., making 
the seat net cathodic current. 

Figure suggests two ways which this can 
accomplished: pairing the metal with mor 
active (less noble) metal with which forms 
galvanic cell. The more active metal 
sium) becomes sacrificial anode and corroded 
preference the protected metal; pairing 
the metal with any anode 
cathode means externally applied 
current emf. this case, the sacrificial corrosion 
the anode may still 


There interesting paradox note 
the potential metal shifted negative (les 
noble) direction operation the Mass Action 
effects contained the Nernst equation, 
shift the activities (M) and 
and (10, the metal becomes more active and its 
tendency toward corrosion enhanced. But the 
potential metal shifted the same negative 
(less noble) direction polarization from 
posed shift the value the tendency toward 
corrosion lessened and the metal cathodically protected 

the same paradox, note that, the one 
noble metals have inherent chemical resistance 
corrosion, the other hand, the anodic polarization 
metal more positive (more noble) 
enhances its corrosion rate. 


This paradox must kept clearly mind order 
evaluate the effect polarization potential, 
opposed Nernst potential, the corrosion 
encies metal. 


Potentials Ideal Polarized Electrodes 


which has been extensively studied David 
Grahame and his co-workers, namely, the 
polarized electrode,’ i.e., electrode which the 
transfer electricity between metal 
forbidden, that the interface acts like elec: 
trical condenser. Strictly speaking, the ideal 
electrode mathematical fiction like the ideal gas 
but there one outstanding case which can 
experimentally realized very closely, viz., 
ing easily reducible cations and within 
range which there appreciable corrosion 
mercury and appreciable discharge 
ions (almost volts). 

such electrode, the oxidation 
processes called for Law are 
inhibited. Consequently, the Nernst equation fails 
determine the potential. There another type 
electrochemical equilibrium which determines 
electrode potential, namely, the electrostatic 
rium between the charged layer ions the 
tion side the interface and the oppositely 
surface layer the metal. the solution 
carries positive charge (i.e. contains excess 
cations), the metal surface will have excess 
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electrons. the solution layer carries negative 
charge contains excess anions), the metal 
surface will have deficiency electrons. These two 
are referred the electrode double layer, and 
they may considered the two plates elec- 
trical condenser, concept first introduced Helmholtz 
1879. 

important property the double layer its 
potential, i.e., the potential which both layers 
carry zero charge.** For mercury the presence the 
OH-, the isoelectric potential equal 

iso —0.20 volts 
referred the SHE, For mercury the isoelectric 
potential also known the electrocapillary maxi- 
mum. 

The capacity the double layer can measured 
means impedance bridge. not rigorously 
constant, that the parallel plate condenser model 
gives only crude representation the double layer. 
The differential capacity defined the derivative 
where the surface charge density the 
metal. The value varies with the potential and 
with the nature and concentration the electrolyte 
within the range 10-100 microfarads per square cen- 
potentials the negative (less noble) side 
the isoelectric point, values ranging from 
microfarads per are often observed. The charge 
ideal polarized electrode determined the elec- 
trode potential and the capacity the double layer 
means the equation 


V 
(24 
iso 


The limits specified must used since the 

Wherever Faraday’s Law effect sets in, the differ- 
ential capacity becomes infinitely large. This type 
capacity called Grahame pseudo-capacity. The 
residual current polarography cur- 
rent caused the charging the double layer 
growing mercury drop. 


Summary 

the foregoing pages, study the laws govern- 
ing the potentials electrodes under variety 
conditions attempted: electrodes equilibrium 
(reversible Nernst potential) both standard and 
non-standard states (Electrochemical Law Mass 
Action). The conventions and nomenclature elec- 
trode potentials are reviewed. The main features 
non-equilibrium (polarized) electrodes are discussed, 
with particular study the fundamentals cathodic 
protection. brief survey the ideal polarized electrode 
IS given, 
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DISCUSSION 
Questions Lee Elizer, Charlotte, C.: 


there drop the electrolyte iron goes 
into solution? The following experience prompts this 
question: The fresh condensate from heater 
was 8.4; the specific conductance was micromhos. 
The heater consisted copper tubes and iron 
header which the condensate collected. There was 
warm spell and the heater was not used for days 
which time the iron header was observed 
leaking condensate. The this condensate was 
5.3; the specific conductance was 200 micromhos 
and there was much suspended magnetic iron oxide. 
The boiler carries sulfite reserve ppm and 
enough morpholine added control con- 
densate between 7.5 and 8.5. 

This same drop and increase conductivity 
was found new heater after days idleness 
and leaks air into the system could detected. 

Can corrosion minimized keeping the 
conductivity the electrolyte low? thought the 
corrosion could minimized until ran into the 
following experience. Now confused. iron 
nut was extracted with distilled water Sohxlet 
apparatus for hours. The distilled water had 
specific conductance 210 micromhos and 
6.5 the points contact the iron nut with 
the cellulose thimble rust spots developed which were 
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apparent the outside the thimble. The nut lost 
0.02 percent its weight. The distilled water was 
discolored with iron oxide. 

Thank you for your fine paper. 


Replies Andre deBethune: 


This looks like case galvanic corrosion be- 
tween the copper tubes (cathodes) and the iron 
header (anode) with consequent corrosion the 
anode. Most ferrous and ferric salts are weakly acidic 
hydrolysis, e.g., ferric ion has first hydrogen 
ionization constant (for the reaction 
acetic acid). This could account for the observed 
drop pH. decrease the copper-to-iron area 
ratio might improve the picture. 


Technical Note 


Corrosion can certainly minimized, 
things being equal, lowering the conductivity 
the electrolyte. However, not sure whether 
micromhos low enough. The effect you 
seems case oxygen concentration cell cor. 
rosion, which the oxygen acts the corroding 
agent, but, curious paradox, the corroding 
tion carried galvanically those points the 
metal where the access oxygen blocked (anodes 
the oxygen concentration cell). 

Those areas which oxygen freely accessible 
act cathodes the concentration cell and are 
cathodically protected. the anodes are small 
the cathodes large, the corrosion the anodes 
likely enhanced. 


CorrosiveAttack byAcidic Decomposition Products 
Evolved Paints While Drying* 


1951, investigation was begun find the rea- 

son for the corrosion the metal parts heli- 
copter blades stored closed, painted, wooden 
crates. The blades were constructed mostly wood 
with various steel parts such leading edges and 
spar tubes. Steel surfaces were cadmium plated prior 
painting; the lids the weight boxes (small cav- 
ities the blades hold balancing weights) were 
constructed from magnesium alloys. The crate lid 
fittings were zine plated steel. the blades, one 
coat chromate primer and one two coats 
sea blue enamel were used. The blades were 
packed large crate cushioned natural rubber 
latex pads. Both the interior and exterior the crate 
was coated with aluminum pigmented type 
paint. 

Chemical and infrared analyses the scrapings 
taken from the corroded parts showed the presence 
the lower molecular weight fatty acid salts zinc, 
cadmium and magnesium. The metallic portion 
these salts corresponded the base metal platings 
the areas from which the scrapings were removed. 
was suspected that volatile organic contaminants 
which might have been liberated the unvented 
box caused the corrosion. literature search revealed 
that was possible obtain volatile acids from 
polymerization and oxidation reactions taking place 
the normal drying process paint film, 


% Based on work performed by Alfred L. Glass and David L. Dorfman 
at Aeronautical Materials Laboratory, Naval Air Experimental Sta- 
tion, Philadelphia Naval Base. 


The opinions or assertions contained herein are the private ones of 
the investigators and are not to be construed as official or reflecting 
views of the Navy Department or the naval service at large. 


test, series pint jars was used which in- 
dividual zinc, cadmium and magnesium metal 
mens were inserted and exposed blocks painted 
with the same paint used the interior the box. 
Some blocks were freshly painted; others painted 
and then dried others were cut from the 
packing case. The control blocks were unpainted, 
plain wood. The jars were assembled two sets, one 
set contained distilled water, the other set did not. 
Both sets were sealed and placed oven 37/ 
degrees for two the end this time the 
were removed, cooled, and disassembled. 

white powdered substance appeared all 
the metal specimens (zinc, cadmium and magnesium) 
exposed the wood blocks that were coated with 
the fresh aluminum paint used the interior and 
exterior the crate. This was true also with the 
fresh varnish used the base the aluminum 
paint. Chemical and infrared analyses these white 
powdered corrosion products established their 
larity with the scrapings obtained from the helicopter 
blades. Specimens the other jars did not contain 
the white corrosion product. 

Infrared analyses were conducted Philip 
Fischer. 


result the tests, the following methods 
alleviating corrosion were suggested: 


Helicopter blades could packed unpainted 
wood boxes; 
crates could sprayed with short-drying 
lacquer type coating which eliminates oxidation 
and polymerization reactions drying oils, and 

which provides plastic type coating. 

Finally, the interior the crates could coated 
with the aluminum paint now used, providing 
sufficient length time allowed for thorough 
drying before loading 


num 
tonn 
and 
table 
istic: 
alun 
vari 
Allo 
cal 
and 
racy 
mati 
tical 
with 
state 
loca 
but 
ated 
diffe 
The 
the 
atm: 
tude 
fact 
tion 
abor 
forn 
tio 


Resistance 
Aluminum Alloys 
Weathering* 


and NOCK, JR. 


IMPORTANCE information the at- 

mospheric weathering characteristics alumi- 
num alloy products commensurate with the large 
tonnage these products being used the building 
and construction industries. This usage attribu- 
table the good resistance corrosion aluminum 
complemented other desirable character- 
istics, such light weight, adequate strength and 
good formability. Also, the pleasing appearance 
aluminum alloy products and their adaptability for 
various decorative coatings provide interesting archi- 
tectural effects (Figure 1). 

large number aluminum alloys available 
the form various wrought and cast products. 
Alloy compositions and metallurgical treatments are 
selected order secure the best combination 
properties for specific applications. Although physi- 
cal properties, such density, hardness, strength 
and ductility can established with sufficient accu- 
racy enable the engineer use the data mathe- 
matical expressions concerning design, imprac- 
ticable, not impossible, use such expressions 
with regard the resistance atmospheric weather- 
ing metals and alloys. This characteristic must 
stated relative terms, because the corrosivity 
atmospheric conditions varies markedly from one 
locality another and even within given area. 


Laboratory tests, such the salt spray test, may 
provide useful information comparative nature 
but are not adequate for predicting the actual per- 
formance outdoor fact, such acceler- 
ated corrosion tests have been found exaggerate 
differences among alloys that are negligible judged 
actual exposure specimens the weather. 
There reliable laboratory test that duplicates 
the effects long time atmospheric exposures. 


The Aluminum Research Laboratories Alumi- 
num Company America has, during the past 
years, exposed many thousands specimens the 
atmosphere many localities this country and 
several places outside this country. The magni- 
tude the coverage may appreciated from the 
fact that one the initial comprehensive investiga- 
tions, started years ago, involved exposure 
about 25,000 individual test specimens. Tests which 
formed the basis several earlier 
and subsequent investigations newer alloys are 


A Paper presented at the Ninth Annual Conference, National Associa- 
tion of Corrosion Engineers, Chicago, Ill., March 16-20, 1953. 


Figure 1—View during construction Alcoa Office Building, Pittsburgh, 
Pa., showing the pyramidal facets made aluminum alloy panels and 
windows which sheath this new thirty story building. This innovation 
reflection considerable background experience, such that 
obtained from the ornamental church steeple (foreground) composed 
aluminum alloy castings (alloy 43), service since about 1926. 


Extensive data selected from tests many thousands 
specimens aluminum alloys, exposed various 
natural atmospheres for periods long years, 
are presented graphically. These data provide com- 
prehensive coverage the resistance weathering 
outstanding types wrought and cast aluminum 
alloys, with particular emphasis alloys used 
architectural and structural applications, Effects 
weathering were evaluated measurement 
change strength and depth attack specimens 
exposed for periods years natural atmos- 
pheres and for long years actual service. 

Aluminum alloys have been evaluated suffi- 
cient number different types atmospheres 
widely separated geographic locations 
with reasonable assurance the performance expected 
under most conditions normally encountered, The 
corrosion aluminum alloys, both wrought and cast, 
exhibits “self stopping” characteristic; that is, the 
rate attack after initial exposure period 
about one two years decreases very low value, 
generally less than 0.2 mil per year. The aluminum 
alloys displayed high resistance corrosion and 
although some differences were noted, these differ- 
ences often were subordinate other characteristics 
interest, such strength, formability, appearance 
and cost. 


now sufficiently inclusive demonstrate convinc- 
ingly the atmospheric weathering characteristics 
aluminum alloys when subjected wide variety 
conditions, including industrial, seacoast and 
tropical environments. Corrosive conditions within 
immediately adjacent chemical petro-chemi- 
cal plants, are unique and have been found 
worthy separate consideration.* 
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ASSOCIATION CORROSION 


WALTON—Assistant Chief the Chem- 
ical Metallurgy Division, Aluminum Research 
Laboratories Aluminum Company Amer- 
ica, joined Alcoa 1931 and was promoted 
his present position 1946. His entire 
service with Alcoa has been associated with 
the evaluation resistance corrosion and 
stress corrosion cracking aluminum alloys, 
particularly natural environments. ob- 
tained degree metallurgical engineering 
from Carnegie Institute Technology Eve- 
ning School (1942). has contributed 
several technical papers and member 
NACE and The American Society for Metals. 


sion, Aluminum Research Laboratories, Alumi- 
num Company America. has been with 
the Aluminum Research Laboratories since 1936 
except for five years attending Drexel Institute 
ical engineering. His work has been associated 
with the evaluation the resistance corro- 
sion and stress corrosion cracking aluminum 
alloys, particularly natural environments. 


‘ 


4 


NOCK, JR.—Graduated from 
vania State College 1923 with degree 
Electrochemical Engineering. Since then 
has been employed Aluminum Company 
America research work, particularly de- 
velopment wrought alloys presently use. 
His work has also included the development 
fabricating practices and thermal treatments 
for aluminum alloys and has presented 
number technical papers covering these sub- 
jects. number patents have been granted 
him. His present position Assistant Chief 
Physical Metallurgy Division Aluminum 
Research Laboratories. 


Materials 


This paper presents corrosion data variety 
Alcoa wrought and cast aluminum alloys (Tables 
and with emphasis given those alloys com- 


monly employed building and 
architectural applications. Most 
the products exposed were from 
routine plant production, but some 
laboratory fabricated lots were 
used also. None the items was 
given any special 
ments. The test specimens were 
simply solvent cleaned and ex- 
posed without benefit any pro- 
tective coatings. 


Exposure Stations 

The majority the test speci- 
mens have been exposed two 
basic weathering stations main- 
tained Alcoa: seacost station 
(Figure 300 feet from the At- 
lantic Ocean Point Judith, 
Rhode Island, and industrial at- 
mosphere station located the 
roof the Aluminum Research 
Laboratory New Kensington, 


ENGINEERS 


Pennsylvania. Correlation the relative 
conditions these basic stations 
elsewhere was obtained the exposure 
cate sets specimens several auxiliary 
exposure stations. addition, specimens were ex. 
posed Kure Beach, C., through the courtesy 
the International Nickel Co. and Miami Beach, 
Florida arrangement with the South Florida 
Service. Cooperative tests sponsored the 
valuable data the performance several 
num alloys when exposed for years the 
phere nine weathering stations ASTM. The 
location and characteristics these exposure 
tions are described Tables and 


Methods Evaluation 

Weight loss measurements average penetration 
attack data based loss weight, although use- 
ful for metals, such steel, zinc and copper, which 
undergo relatively uniform overall reduction thick- 
ness, have been found? less informative for aluminum 
alloys. The thin protective oxide film, characteristic 
aluminum alloys, limits corrosion relatively 
few points that some, not most the original 
surface the metal generally remains intact even 
after many years weathering. 
shown that the most informative practicable 
methods for evaluating the effect weathering are 


changes tensile strength and 
determination actual depth attack. 


The former method more sensitive criterion 
because selects the cross section that has weathered 
the greatest degree. The latter method 
more realistic measure the rate penetration 
Both methods have engineering significance. 
All tensile tests reported herein were conducted 
using standard ASTM tension Wrought 
alloys were commonly exposed the weather 
machined tension specimens, usually 0.064-inch thick. 


TABLE 


Composition and Typical Tensile Properties Wrought Aluminum Alloys Under Discussion 


TYPICAL TENSILE 
in 2” 


NOMINAL COMPOSITION—Percent Tensile (Offset men men 
| Aluminum | H14 | 17500 16000 9 | 20 
| | | 


1 Alclad coating is alloy 72S (1% zinc). 
2 Alclad coating is high purity aluminum. 
3 Alclad coating is alloy 53S. 


4“Alcoa Aluminum and Its Alloys,” Aluminum Company of America, 1950. 
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some cases, panels were exposed 
specimens were machined from them after different 
periods weathering. Casting alloys were evaluated 
the form round tension bars: 0.500-inch di- 
ameter for sand castings and 0.250-inch diameter 
die castings. The effect weathering the 
strength all materials was established compar- 
ing the tensile strengths—based the original cross 
sectional areas—of the exposed 
specimens with those storage 
specimens tested concurrently. 
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ments, will always considerably greater than that 


calculated from weight losses.* 


Calibration Atmospheric Exposure Stations 

The geographical location, pointed out Dix 
and often less importance determin- 
ing the corrosivity the environment than are other 
factors, such direction prevailing winds, type 


TABLE 


ile Properties Aluminum Casting Alloys Under Discussion 


Depth attack was determined 
metallographically. Several cross 


=| 
} 


attack insignificant attack 


sections including the most con- NOMINAL 
: | cent | i | 
tially all cases, the original surface Alloys: 
was sufficiently intact (Figure 12.0 39000 
A113! 2.0]. | As-cast” 35000 


TYPICAL TENSILE PROPERTIES? 


(Offset = 
0.2 
PSI 


8000 
14000 
15000 
16000 
24000 


12000 
13000 
25000 
24000 


9000 


16000 
21000 
16000 


24000 
26000 
25000 
27000 


27000 
23000 


27000 


Strength 


in 2” Round 
Specimens 
Dia.| 4%” Dia. 
8.0 | 
20 | 
LS 
8.5 
5.0 
9.0 
2.0 
14.0 
3.5 | 
12.0 | 
9.0 
2.0 
3.5 
5.0 
2.0 
1.0 
3.0 
5.0 


had occurred. The penetration, Prefix 
estimated from these measure- 


TABLE Various Seacoast Exposure Stations 


Test bars produced on a cold chamber (high-pressure) die-casting machine. 
“Alcoa Aluminum and Its Alloys,’” Aluminum Company of America, 1950. 


A” indicates that alloy has impurities, notably iron, controlled to closer limits. 


LOCATION 

Pitcairn Island, British Sub-Tropical 150 ft. 

La Jolla, Cal... | Temperate “Several hundred 


..| Sub-Tropical | “Close to ocean” 
| Sub-Tropical | 300 ft. 


300 ft. 


Key West, Florida 
Miami Beach, Fla.. 


Sandy Hook, N. J..... Temperate 


Oakland, Cal... . 


0 1 mile 
xorgetown, British Guiana 


Temperate 
1.5 miles 


Tropical | 


} 


Direction 
Shore | Winds Remarks | Operated By 
Sandy From Ocean Sea rough, considerable salt mist. | International 
Nickel Co. 
Rocky | From Ocean | Sea rough, considerable salt mist. Alcoa 
| Rocky | From Ocean Sea rough, frequent fogs, little rain | ASTM 
| | to wash specimens. 
| Stony | From Ocean Sea rough, considerable salt mist | Alcoa 
| { | and fogs. 
| Sandy | Across Island | Station on leeward side of island. ASTM 
| Sandy | From Ocean Warm, humid without fogs. | South Florida 
| | Test Service 
| Sandy | From Bay Station at tip of Hook jutting into | ASTM 
ay. 
| Seuenet | From Bay On roof of warehouse, seasonal fogs.| Alcoa 
From Ocean low building Demerara Alcoa 
River. Hot, humid. 


TABLE 1V—Description Various Industrial and Inland Atmospheric Exposure Stations 


Rural 


Hot and dry: semi-arid. 


| 


Type Predominant Station 
LOCATION Environment Fuel Used Remarks Operated 
New Kensington, Pa. Industrial Bituminous Coal Located roof Aluminum Research Laboratories, exhaust from Analytical Lab- Alcoa 
oratory hoods add the severity the atmosphere. 
Sourgh, Pa... Industrial Bituminous Coal | Racks were on Brunot's Island, 3 miles below Golden Triangle. Exposures made | ASTM 
| before smoke control, when specimens were subjected to atmosphere highly con- 
a, Fa... .. Industrial Bituminous Coal Racks on roof of building in the Pennsylvania Railroad yards. The atmosphere con- | ASTM 
St. Louis, M : tained unusually large amounts of smoke and gases from the busy yards and shops. 
s, Mo.. ..| Industrial Bituminous Coal Racks on two-story building in heart of city. Exposures made before smoke control | Alcoa 
New York, N. y | when atmosphere contained appreciable amounts of sulphur dioxide. ‘ a 
ork, N.Y... Industrial Oil and Anthracite | Racks on roof of Bell Telephone Laboratories on West Street. Atmosphere contains | ASTM 
Edgewater, N ; oal much smoke and gases from fuels used in this metropolitan area. ; al 
ee ae Industrial Oil and Anthracite | Racks on roof of Alcoa plant on Hudson River, across from New York City. Speci- | Alcoa 
Coal mens subjected to fumes from plant and other waste gases associated with this | 
ster, N.Y... | Industrial Bituminous Coal | Racks in gorge of Genesee River, below a water fall; high humidity, with waste gases | ASTM 
ege, Pa. Rural Clean, rural district—no industrial contamination. 


q 
; 
Yield | Elongation—% 
| 
| 
| 
| 
men 
12 
12 
17 


Figure 2—Aerial view and close-up (inset) Alcoa’s seacoast exposure 

station Point Judith, The station located stony beach 

about 300 feet from the water’s edge and faces the prevailing winds 

from the ocean. Corrosion conditions here are severe indeed. this 

and all the other Alcoa exposure stations the test specimens were 

inclined angle degrees, facing photo— 
courtesy Providence [R. Sunday Journal.) 


CALIBRATION OF ATMOSPHERIC EXPOSURE STATIONS 
Tension Specimens 0.064 Inch Thick 


— Kure Beach, N.C. 
(Seacoast - 80 ft.) 


New Kensington, Pa. 
(Industrial) 


Point Judith, 
(Seacoast - 300 ft.) 


o 


MILO STEEL 


Miami Beach, 
/ (Seacoast - 300 ft.) _Seorgetown, British Guiana 
(Seacoast-!.5mile) 


Gore peach 


Loss in Tensile Strength - Percent 
nN 
° 


Exposure Time- Years 


Figure 3—Graph illustrating the relative severity several exposure 
stations employed the Aluminum Research Laboratories using losses 
tensile strength 0.064-inch thick mild steel (0.09% carbon, 0.07% 
copper) the criterion. The aluminum alloys (also 0.064-inch thick) 
rate the stations essentially the same order does mild The 
corrosivity seacoast atmosphere varies not only with distance from 
the ocean, but also with other inherent location factors. 


topography, frequency precipitation and prox- 
imity bodies water industrial plants. The 
corrosivity the atmosphere may vary much 
more within given geographic region than between 
widely separated locations. imperative, there- 
calibrate the severity the conditions 
each atmospheric weathering station. Conditions 
Alcoa’s basic seacoast station Point Judith, Rhode 
Island and the industrial atmosphere station New 
Kensington, Pa. were calibrated determining their 
effects veteran metals, such steel and copper 
and comparing the corrosivity atmospheric 
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Tension Specimens 0.035" Thick 
CALIBRATION ATMOSPHERIC EXPOSURE 


Annealed Copper 
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Exposure Time Years 


Figure 4—Data obtained aluminum alloys and copper were used 
indicate the relative severity the atmospheric conditions the 
Alcoa exposure stations New Kensington (industrial) and Point 
(seacoast) and the nine different ASTM stations. This comparison 
made possible, even though different thicknesses material 
employed the Alcoa stations (0.064-inch) and the ASTM stations 
(0.035-inch), the conversion the percent losses tensile 
for 0.064-inch thickness the equivalent percent loss for 
thickness. The curves representing Point Judith and New Kensingtor 
were drawn broken lines indicating that these data were calculated 


ONE YEAR YEARS 
SEACOAST ATMOSPHERE—Point Judith, 


ONE YEAR YEARS 
INDUSTRIAL ATMOSPHERE—New Kensington, Pa. 


Figure 5—Micrographs full cross sections 0.064-inch thick 
alloy after exposures indicated. Note that the corrosion develops 
isolated spots, slowly spreads new sites but not 
deeper after years than after one year. This pattern typical for 
other corrosion resistant aluminum alloys, such 


conditions these stations with those 
widely scattered localities. 

The relative severity corrosive attack 
seacoast station Point Judith and the 
one New Kensington indicated Figures 
and 24. obvious that corrosive conditions 
Point Judith station, 300 feet from the ocean, 
very severe indeed, being more corrosive than 
most seacoast locations evaluated and almost 
severe those Kure Beach (80-foot site) 
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RATE OF WEATHERING OF WROUGHT ALUMINUM ALLOYS IN VARIOUS ATMOSPHERES LOSS IN STRENGTH OF WROUGHT ALUMINUM ALLOYS 


AVERAGE INDUSTRIAL ATMOSPHERE - NEW KENSINGTON, PA, 
Tension Specimens 0064 Inches Thick 


2 


_- Point Judith (O.0O3MPY) 
New Kensington (004MP-Y)— 
- Georgetown (OO2MP.Y). \ \ 


6 Point Judith 
Kensington 
4 / New 9 


per Yeor 


M 
on 


Atvock 
= 
> 
Mi 
= 
= 


& New Kensington (OO8MPY.)——\ 52s 4 
2 2 — Georgetown (0.03M.P.Y.). \ \ 
=0 


© 53S-T6 4,4-61S-T6 G63S-T5,T6 


Loss in Tensile Strength— Percent 


% Loss in TS per Year 


° 2 4 6 8 10 12 14 16 18 20 


“Oo 2 4 6 8 © 2 4 6© @20 0 2 4 6 8 10 12 14 16 18 20 = 
Exposure Time - Yeors Exposure Time Years 


Loss in Tensile 


Figure 8—These average curves (determined per Figure demon- 

strate that exposures for long years relatively severe 

industrial atmosphere had little effect the structural integrity 
the various aluminum alloys, 


Figure 6—The rate weathering (curves right) based the 
performance alloys 2S, and exposed Georgetown 
and the eight wrought alloys included Figures illustrate 
the “self-stopping” nature the corrosion aluminum alloys, 
comparison the abrupt reduction rate penetration (top) with the 
more gradual reduction loss tensile strength (bottom) indicates 
although the penetration corrosion local sites has been DEPTH ATTACK WROUGHT ALUMINUM ALLOYS 
stifled, corrosion still proceeding elsewhere but reduced rate. 
o2S A3S 
4a 
LOSS STRENGTH WROUGHT ALUMINUM ALLOYS 


SEACOAST ATMOSPHERE-POINT 
Tension Specimens 0.064 Inches Thick 

12 
8 
53S-T6 461S-T678 0 63S-T576 


¢ 6 8 6 8 10 12 34 6 18 20 
Exposure Time - Years Exposure Time - Years 


0 2 4 6 8 10 12 14 16 18 20 
Exposure Time - Years 


Figure 7—The curve for each family aluminum alloys the mean 
individual curves that had been drawn for each alloy. (Curves for 
Figures were drawn same basis.) The conformity the data (a) 
these average curves indicates that the resistance corrosion 
similar for the alloys each group. The high resistance this severe 
seacoast atmosphere indicated the small losses strength 


Jolla, California. The gratifying significance 

this that data obtained the Point Judith station 

can used with confidence indicate the expected (b) 
metals, especially aluminum alloys, 

Most seacoast environments, including island ex- 

posures. For example, incidental opportunity re- 

sulted exposure various metals for four years 

Island. Aluminum alloys were not af- 

any more this location, about 150 feet from 

ocean, than Point Judith. 

corrosivity the atmosphere New Ken- 
about severe that Altoona, New 
York and Pittsburgh (before smoke control) and 
generally more severe than the atmosphere other 

inland areas evaluated. This suggests that data ob- 


tained from exposures New Kensington can Figure 9—These average curves (determined per Figure show 
indicate conservatively the resistance that corrosion all alloys decreases with time and that the attack after 
alumin long years shallow. Although the differences are small, the 
alloys the atmosphere most indus- alloys (52S, A54S) display 
areas aris superiority when exposed marine environments. Micrographs 
antially all non-industrial (rural, etc.) areas. years, (b) A54S 16.5 years, (c) years. 
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DEPTH OF ATTACK OF WROUGHT ALUMINUM ALLOYS 
INDUSTRIAL ATMOSPHERE - NEW KENSINGTON, PA. 


AVERAGE MAXIMUM 


o2S 43S 04S 


Depth of Attack - mils 


©53S-T6 A6IS-T6,-T8 63S-T5,-TE 


Exposure Time- Years Exposure Time - Years 


(a) 


(b) 


(c) 


Figure 10—These average curves (determined per Figure re- 

semble those obtained exposures the seacoast (Figure 9). Al- 

though the attack was more shallow this industrial atmosphere 

than the seacoast, the surface attack was more widespread 

indicated the micrographs typical cross sections 0.064-inch 

thick sheet (a) years, (b) A54S years and (c) 
61S-T6 years. 


Rate Weathering 

The outstanding characteristic apparent from the 
graphical presentation the corrosion data (Figures 
23) that the rate weathering for wrought 
aluminum alloys and for cast aluminum alloys de- 
creases with time. This decrease rate attack 
(Figure demonstrated both depth attack 
data and tensile test data. The decrease rate 
penetration corrosion the most striking. The 
attack penetrates, isolated spots, initial rate 
about mils per year (Figure 6); but this rate 
rapidly decreases that after one two years the 
maximum rate does not exceed about 0.11 mil per 
year for severe seacoast conditions (Point Judith) 
and may low 0.03 mil per year for less severe 
atmospheres. 

The rate weathering, judged changes 
tensile strength (Figure 6), also decreases with time 
but not sharply does when judged the 
depth attack. Since tensile strength function 
the cross sectional area the test coupon, any 


Figure view Cincinnati Union Terminal, Cincinnati, Ohi 
(erected 1932), showing the large dome-shaped roof sheathed 
1946 with bare aluminum alloy 


Figure 12—Municipal Stadium, Cleveland, Ohio. Erected 1931, 

tons aluminum alloys for louvers, flashing siding, ceilings 

marquee roofs and score board. 1946, after service, 

sample alloy 4S-H34 siding 0.032-inch thick was examined 

section and the metal found excellent state 
(Figure 24). 


significant change tensile strength reflects 
cross sectional area resulting from corrosion. The 
differences slopes the curves Figure 
cate that although corrosion local sites seems 
stop after one two years’ weathering, new 
attack develop. Thus, the tendency under 
tions atmospheric weathering for attack 
ceed laterally (Figure along the surface 
than become progressively deeper. The 
rate attack shown tensile tests also 
that corrosion over the entire surface 
with time. The products corrosion form 

tive film stifle further attack. 
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This tendency for the corrosion aluminum alloys 
decrease very low rate has been observed 
other environments well the atmosphere and 
has been referred “self-stopping” “self- 
limiting” effect. Appreciation this desirable char- 
acteristic will dispel unnecessary concern one might 
otherwise have over some initial surface attack. 


Wrought Aluminum Alloys 

The family wrought aluminum alloys under 
discussion (Table has high inherent resistance 
weathering. Exposures for long years 
relatively severe industrial and seacoast atmospheres 
have resulted shallow attack, with corrosion pro- 
ceeding low rate (Figure 6). These extended 
exposures have caused only small losses tensile 
strength 0.064-inch thick materials. Although the 
data were obtained primarily sheet, other tests 
have shown that equally favorable results are obtained 
for these alloys the form other products, such 
plate, extruded sections, rolled sections and tubes. 

noteworthy that these aluminum alloys (Figures 
through 10) possess high resistance corrosion, 
with only small differences existing among them. 
Final choice, therefore, usually based other 
requirements, such strength, formability, weld- 
ability, appearance and economy. The various alloys 
are discussed this light. 


Strain Hardenable Alloys 


The strength pure aluminum and aluminum 
alloys containing manganese and magnesium alone 
strain hardening present. general, these alloys 
not show any real difference weathering between 
materials the annealed temper and that the 
strain hardened temper. fact, the data Figures 
were obtained from materials both the 
annealed and strain hardened tempers. 

Aluminum alloys 2S, and have essentially 
the same high resistance weathering. Alloy 
(1.2% Mn) has been used widely building appli- 
cations because stronger than alloy and 
equally formable. Alloy (1.2% Mn, 1.0% Mg) 
used where somewhat greater strength required. 
These alloys have performed very well under service 
conditions (Figures and 12) and are playing 
role the modern trend toward use 
corrosion resistant metals for the outer surfaces 
types buildings (Figure 13). 

Aluminum alloys with increasing 
magnesium, within maximum value yet unresolved, 
Provide group alloys with resistance cor- 
least good the preceding set alloys 


using 


The 


ems 

sites industrial atmospheres and with somewhat su- 
performance seacoast environments. Alloy 
(2.5% Mg, 0.25% Cr) has had wide use, there- 
lore, marine applications. The recently developed 
alloy (1.4% Mg) stronger than and more 
fabricated and formed than 52S, thereby pro- 
compromise between these two alloys. Lim- 
corrosion tests show that the resistance cor- 


alloy 50S approximates that alloys 
and 52S. Considerable interest has been focused 
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Figure 13—Laboratory Federal Telephone and Radio Corp. Nutley, 

New Jersey. Easy erect insulated panels aluminum alloy form 

the weathering surface this unit erected 1945 and for units 

subsequently added. Large numbers windows extruded aluminum 

alloy 63S were also employed. this non-industrialized environment 

the bare aluminum alloy surfaces will slowly weather acquire 
uniform light gray patina. 


é 
Figure 14—The Harvey Taylor Bridge erected over the Susquehanna 
River Harrisburg, Pa. 1952 employs more than two miles alumi- 
num alloy railing with integral lighting standards aluminum alloys. 
The use alloy 61S-T6 for the various components provide high 
strength and good resistance weathering, thus eliminating the need 
for paint protection and maintenance, Sections railing unpainted 
61S-T6 are performing very well trials being made the 
boardwalk Atlantic City, J., and Virginia Beach, Va. 


Figure 15—U. Government building Key West, Florida, erected 
1932, using windows extruded aluminum alloy (alloy The seaside 
conditions prevailing Key West have had little effect these 
unpainted aluminum windows. This photograph, taken 1944, 
lustrates the non-staining characteristics aluminum alloys. 
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Figure 16—These illustrations show the outstanding resistance corrosion alclad products. Note the bottom graphs, superimposed 
unretouched photomicrographs the alloys, that the maximum attack does not extend beyond the alclad coatings (4.0 mils Alclad 
3.5 mils Alclad and 1.9 mils Alclad 17S-T3) even after extended exposures various atmospheres. This substantiated (top) 


micrographs (approx. X77) showing one surface specimens which had been subjected the more severe environments. Considerable 


remains for continued electrochemical protection core alloys. This protective effect the alclad coatings reflected the small 
nificant losses tensile strength (Center), Keller’s Etch. 


RESISTANCE TO CORROSION OF ALCLAD 4S SHEET 
EXPOSED AS PANELS 0.032 INCH THICK 


Point Judith, R.!. (Seacoast) New Kensington, Pa. ( Industrial) 


Cladding Thickness 


nN 


Depth of 
Attack — mils 


Loss in 


Tensile Strength-% 


! 2 3 4 0 ' 4 3 4 5 6 


Exposure Time - Years 


Figure 17—These data after exposures 3.5 5.5 years thin 

Alclad are paralleling that procured for other alclad products 

which had been exposed for much longer periods (Figure 16). 

with the preceding alclad products, the attack has been confined 

the alclad coating (1.4 mils thick) and these exposures have not caused 
any really significant losses strength. 


aluminum alloys with magnesium contents exces 
that 52S, because their good welding 
teristics and relatively high strength when 
Alloy A54S (3.5% 0.25% Cr) exhibits 
characteristics and has displayed resistance 
weathering almost identical that 52S. 


Heat Treatable Alloys 
Aluminum alloys 53S, 61S, 62S and 
magnesium and silicon the ratio form the 
nesium silicide compound. These alloys respond 
heat treatment and artificial aging and can 
greater strengths than the preceding strain 
able alloys. Some the alloys contain small 
copper chromium both. The compositions 
these alloys (Table were formulated 
certain characteristics, such strength, 
ity and formability, without affecting their 
corrosion (Figures through 10). 
One the first these 
silicide alloys was 53S. This alloy has been 
mented alloy 61S, which was developed 
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substantial increase strength over alloy 53S 
without effecting any real sacrifice resistance 
most corrosive conditions. This has been substanti- 
ated 16-year exposure data (Figures through 
10), thus indicating the suitability 61S alloy for 
structural applications, such power substations, 
bridge railing and lighting standards (Figure 14), 
requiring moderately high strength and good resist- 
ance weathering. 

Alloy 62S, recent development, modification 
61S with improved formability. Exposures one 
year’s duration accelerated corrosion tests and 
the atmosphere New Kensington and Point Judith 
show that 62S sheet, extruded sections and tubes are 
performing manner comparable that 61S. 

Alloy 63S contains less magnesium silicide than 
61S. This alloy takes pleasing surface finish and 
has adequate strength for diverse structural and 
architectural applications. Millions aluminum alloy 
windows used this post-war period have been 
made from extruded sections alloy 63S. They have 
displayed high resistance weathering over 
service period. This, together with the com- 
parative exposure data Figures 10, shows 
that installations alloy 63S should parallel the 
good service record predecessor alloys and 
43S) dating back 1926. 

The high strength heat treatable alloys (Table 
such 14S, 17S, 24S, which contain large amounts 
copper and minor additions other elements, and 
alloy 75S, which contains large amounts zinc, 
magnesium and copper, not have high re- 
sistance corrosion the preceding groups 
alloys. generally recommended, therefore, that 
adequate protection provided these alloys when 
exposed the weather. The alclad forms these 
alloys possess very high inherent resistance cor- 
rosion and may used without benefit protec- 
tive coatings. 


Products 

Alclad products are outstanding their ability 
resist corrosion and maintain the structural in- 
tegrity the product. clear understanding the 
characteristics their performance desirable. 

Alclad products have been discussed detail 
They are composite type, consisting 
aluminum alloy core which bonded metallurgi- 
cally protective pure aluminum 
another aluminum alloy (Figure 16). The core alloy 
chosen develop the desired mechanical proper- 
ties. The cladding alloy such composition 
provide surface that has high inherent re- 
sistance corrosion and also sufficiently anodic 
the core alloy afford substantial electrochemical 
Protection most corrosive environments. Con- 
any spot attack will penetrate only 
the core alloy (or diffusion zone) where fur- 
ther Progress stopped cathodic protection. Cor- 
then proceeds laterally along the surface, 
confined the cladding. The life the clad- 
ding function its thickness and the severity 
the environment. Alclad products, therefore, pro- 
vide maximum resistance perforation limiting 
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EFFECT OF THICKNESS OF ALUMINUM ALLOYS 
52S-H34 


Atmosphere 
124 New Kensington, Pa. 


Loss Tensile Strength- Percent 


Exposure Time Years 


Years Industrial Atmosphere 


Actual 


Calculated 


8 Years - Seacoast Atmosphere 


Actual 


~ 
Caculated 


Loss Tensile Percent 


Thickness - Inches 


Figure 18—The data obtained years and years (top curves) 
were plotted (bottom curves) show the correlation between percent 
loss strength and thickness the alloy. Included for comparison 
are curves showing calculated percent losses strength based 
factual data obtained from 0.064-inch thick specimens. 


corrosion relatively thin surface layer. Further- 
more, the core alloy cut edges, scratches, 
abrasions afforded adequate electrochemical 
protection adjacent alclad coating. 

The excellent resistance weathering alclad 
products illustrated the data (Figure 16) ob- 
tained Alclad 3S, Alclad 17S-T3 and Alclad 24S-T3 
specimens which have been exposed for periods 
from years. With regard the tensile data 
included Figure 16, the somewhat higher losses 
strength for the Alclad comparison with 
those for the Alclad 24S-T3 and Alclad 17S-T3 not 
necessarily indicate that the former had corroded 
greater extent. The pure aluminum cladding 
applied the high strength alloys, 17S-T3 and 
24S-T3, contributes very little the strength 
these products; thus, corrosion the cladding causes 
negligible changes strength. the case alloys 
such Alclad and Alclad the coating alloy 
does contribute the strength the 
product, and corrosion the cladding reflected 
proportionally higher losses strength. 

apparent that high resistance corrosion 
can secured from clad products the high 
strength structural alloys. This has been demon- 
strated Alclad sheet aircraft construc- 
tion and Alclad 14S-T6 plate 
Some idea the value alclad protection, especially 
for the high strength aluminum alloys, apparent 
from the results the ASTM tests* 17S-T3 and 
Alclad 17S-T3. After years’ exposure Jolla, 
California, 0.035-inch thick tension specimens (pre- 
machined) 17S-T3 lost percent tensile 


6 Seacoast Atmosphere - Point Judith, R.I. 
d 
yn tain 
mag- 
nd 


strength, whereas similar tension specimens 
clad 17S-T3 revealed loss only percent. 

Although non-clad aluminum alloys, such 
and 4S, have exhibited high resistance atmos- 
pheric weathering, there are situations where 
advantageous use these alloys their alclad forms 
(Figure 17), particularly where the metal 
tively thin and where maximum resistance 
foration required. For example, alclad sheet 
especially valuable for applications involving gutters, 
down spouts, flashing, and valleys, etc., where the 
hazards corrosion and perforation are increased 
continual contact with water absorptive materi- 
als, such wood, leaves and soil. 


Effect Thickness 

Some measure the effect atmospheric weath- 
ering different thicknesses aluminum alloys 
illustrated the data Figure 18. These tests made 
panels aluminum alloy 52S-H34 show that for 
all thicknesses studied (0.020-inch 0.100-inch) the 
rate corrosion decreased with time, both indus- 
trial and seacoast atmospheres. The data have also 
been plotted provide means interpolating 
the relative performance expected from the same 
alloy other thicknesses. 

those many cases where the effect atmos- 
pheric weathering the tensile strength given 
alloy are available one thickness only, would 
advantageous able estimate the effects 
different thicknesses. The percent loss tensile 
strength for various thicknesses can calculated 
(see Footnote) from actual data obtained for any 
one thickness, assuming that the magnitude and pat- 
tern about the same for all thicknesses 
the alloy. Calculated percent losses 
strength for the various thicknesses 52S-H34 are 
included Figure 18. 

The calculations were based data secured from 
0.064-inch thick material, since most the tests 
herein were made material 
These calculated values show reasonable agreement 
with actual data although they tend overestimate 


When tension specimens are machined from panels after 
exposure, percent losses tensile strength are inversely 
proportional the thicknesses: 


Li to 


Where percent loss tensile strength for 
specimens original thickness, 
percent loss tensile strength calcu- 
lated for specimens original thickness, 


When tension specimens are machined before exposure, 
edge attack must considered, and the following formulas 
are applicable: 


Li to (ti + W — 2d) 


Where: width tension specimens 
(0.500 in.) 
geometrical corrosion factor (having the 
dimensions depth attack) responsible 
for the percent loss tensile strength, Lo. 


. 
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the effect the corrosion the alloy sections 
thicker than 0.064-inch and underestimate the 
the thinner materials. 

This method was used provide means for com. 
paring the corrosivity the Alcoa exposure 
New Kensington and Point Judith with nine 
ferent ASTM exposure stations, even though the 
materials had been exposed different 
(Figure 4). 


Cast Aluminum Alloys 


Substantial atmospheric weathering data obtained 

over 20-year period several aluminum 
sand castings and over 19-year period 
aluminum alloy die castings are summarized 
Figures 23. general, long time atmospheric 
weathering caused only small tensile 
strength the diameter sand-cast test 
mens and the 14-inch diameter die-cast 
Thus, the situation for casting alloys, especially 
those without substantial amounts copper, 
analogous that for wrought alloys that for 
many applications the resistance corrosion 
ous casting alloys sufficiently similar that 
choice based other characteristics, such 
castability, soundness, strength and economy. Only 
the more severe environments, such the 
coast atmosphere Point Judith, 
differences resistance corrosion inherent the 
various alloys become apparent. For example, 
minum casting alloys containing substantial amounts 
copper are noticeably less resistant corrosion 
the more severe exposures than alloys not 
with copper. 

Since the long time atmospheric weathering 
have been obtained alloys varied 
would seem desirable discuss them the light 
the class alloy they represent. 


Aluminum-Copper Alloys 

Aluminum casting alloys 
amounts copper not maintain good 
appearance the other alloys and are not generally 
used architectural applications where maximum 
resistance surface attack desired. 

The data Alloy (8% Cu) are interest 
cause one the oldest aluminum casting alloys 
and its performance well known the casting 
industry. This alloy provides good basis 
ence, since the alloys subsequently dev eloped for 
outdoor exposures have resistance corrosion 
perior that alloy (Figures 19, 20). 

Alloy 112 modification alloy with 
machinability and castability and now preferred 
the older alloy. The resistance corrosion the 
alloys has been found identical 
Alloy 195, heat treatable alloy containing less 
per (4.5%) generally exhibited 
corrosion both the naturally aged 
particularly the artificially aged 
(—T6), indicated Figures 19, 20. 


Aluminum-Silicon Alloys 


The aluminum-silicon alloys are noted for 
excellent casting characteristics combined with 
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gg IN STRENGTH OF ALUMINUM ALLOY SAND CASTINGS IN DIFFERENT ATMOSPHERES 


Tension Specimens 1/2 in. Diameter 
OAlloy!2 OCAlloy406 AAlloy43 Alioy!95-T4 Alloy 195-T6 


New Kensington, Pa industrial 
° ° Atloys 195-T4 


Alloys 406, 43, !95-T6 


Alloys 12, 195-14 


Edgewoter, NJ industrial 


Alloys 406, 43, 195-T6 


Strengin Percent 


Alloys 2, 195-T4 


Tensile 


Alloy 12 


8 


Alloy 195-14 


Alloys 406, 43, '95-T6 


Exposure Time - Yeors 


Figure 19—These curves and subsequent ones (Figures through 23) 

show that the corrosion aluminum alloy castings also display 

characteristics. Note that exposures for long years 

generally caused only small losses strength these cast 
test bars. 


resistance atmospheric weathering. This class, 
represented Alloy (5% Si) and Alloy (12% 
Si), has displayed high resistance weathering 
(Figures 23) both sand castings and die 
castings. Consequently, the aluminum-silicon alloys 
have been popular for many architectural applica- 
tions. Because characteristic gray color devel- 
oped these alloys when anodically coated, they 
are often used advantageously provide contrast- 
ing effects with other building materials architec- 
tural applications. 


Alloys 


Variations silicon and copper this family 
alloys are intended yield good castability and high 
strength. Because the copper additions, the re- 
sistance corrosion these alloys not good 
that the aluminum-silicon alloys (Figures 
through 23) and closer that the aluminum- 
copper alloys. Even though this class, including al- 
loys 85, 380, 384, may show more surface attack 
than the aluminum-silicon alloys, gratifying 
note (Figures 21, 22) that test specimens 14-inch 
diameter revealed shallow attack and only small 
moderate losses tensile strength after about 
years’ exposure relatively severe atmospheres. 


Alloys 

Aluminum-magnesium type casting alloys, such 
214, B214, 218 and 220 provide high strength and 
excellent resistance corrosion. The casting char- 
acteristics these alloys, however, are not good 
those the preceding alloys. The aluminum- 
magnesium alloys show best advantage their 
ability resist surface attack and maintain pleas- 
appearance, especially severe marine environ- 
ments, typified the salt spray exposure Figure 23). 
Alloys 
The aluminum-silicon casting alloys not have the 
required for some applications. The addition 
small amounts magnesium makes these alloys re- 
heat treatment and artificial aging, which 
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DEPTH OF ATTACK OF ALUMINUM ALLOY SAND CASTINGS IN DIFFERENT ENVIRONMENTS 
Tension Bors 1/2” Diameter 
CAlloy406 AAlloy43 Alloy 195-T4 


© Alloy 12 Alloy 195-T6 


AVERAGE DEPTH MAXIMUM DEPTH 


Georgetown, B.G 


30 ° 
20 
T4.16 
2 
» 30 New Kensington, Pa 2 
= ‘4 
Alloy !2 pie Alloy 406 
10 14-16 
= 40 Edgewoter, NJ 
30 
° 20 
= 20 Alloys 406,43 
50 Point Judith, RI 
40 Alloy !2 
lo Alloys 406,43,195-74-76 


(¢) 4 8 12 16 20 0 4 8 12 16 20 
Exposure Time Yeors Exposure Time - Years 


Figure 20—The depth attack curves for the aluminum casting alloys 

are analogous those for the aluminum wrought alloys, although the 

attack somewhat deeper for the casting alloys. The depth attack 

and losses strength (Figure 19) were consistently greater for alloy 
(8% copper) than for the other aluminum alloys. 


LOSS IN STRENGTH OF ALUMINUM ALLOY DIE CASTINGS IN DIFFERENT ATMOSPHERES 
Tension Specimens 1/4 in. Diameter 
Alloy43 SAlloy!3 0 Alloy 85 


New Kensington, Po.- Industri! 


Alloys 13,43 9 


Edgewoter, - industrial 
Alloy 85 


Georgetown , 8.G.- Seacoast (1.5 mi) 


Alloy 85 


Oakiond , Calif. - Seacoast { tmi.) 


Loss in Tensile Strength - Percent 


20 
Alloy 85 
10 
Point Judith, R 
20 ‘oint’ Judith, Seacoast (300 ft.) 


Alloys 13,43 


oO 2 4 6 8 10 12 14 16 is 20 
Exposure Time - Yeors 


Figure 21—Specimens for this test were die cast gooseneck 

machine. These long time exposures usually caused only small losses 

strength the diameter bars; and alloys and 
were consistently superior alloy 85. 


DEPTH OF ATTACK OF ALUMINUM ALLOY DIE CASTINGS IN DIFFERENT ATMOSPHERES 


Alloy 43 SAlloy!3 Alloy85 


Moumun 


2 Edgewater, NJ - 


Georgetown, 8 G.- Seacoost(i.5 


Pont Juaith, - Seacoast (300ft.) 


8 20 1?) 2 4 6 8 10 12 4 #46 
Exposure Time - Yeors 


4 6 8 o i 4 
Exposure Time = Yeors 
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Figure 22—Depth attack for the aluminum alloy die castings was 
shallower than that for sand castings (Figure 20). Differences depth 
attack these die casting alloys were negligible. Thus, the higher 
losses strength for alley (Figure 21) indicate that surface attack 

was more widespread this alloy than alloys and 13. 
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RESISTANCE CORROSION ALUMINUM ALLOY DIE CASTINGS 
AIZ A360 360 A380 380 384 
Salt lyr. 


Seacoast Atmosphere - 4 1/2 yr. 
(Point Judith, 


Loss in Tensile Strength- Percent 


mils 


Figure 23—The diameter tension bars for this investigation 
were die-cast cold-chamber machines, and include wide variety 
aluminum alloys (Table outdoor exposures the main difference 
has been one surface appearance, with the magnesium rich alloy 
(218) providing the best appearance, followed the silicon bearing 
alloys, then the copper bearing alloys. The salt spray data were in- Figure 25—Representative coupons sheet 
cluded indicate the relative performance these alloys under illustrating the gray patina developed aluminum alloys when 
unusually severe conditions. posed for many years severe seacoast conditions (a)—8 years 

Point Judith—and the darkened appearance the metal when exposed 

industrial atmosphere containing considerable carbonaceous products 


imparts considerable increase strength. This from bituminous fuel (c)—20 years New Kensington. Surfaces 
touched for many years severe environments are not cleaned 
achieved without change resistance with mild cleaners, but are more readily cleaned with certain acid type 


corrosion, evident from comparing the good cleaners, such proprietary phosphoric acid type solutions suitable 


performance alloy 360 (9.5% Si, 0.5% Mg) with for cleaning aluminum prior painting. The coupons (b) and 
the right each set were cleaned (after exposure) simply swabbing 
the aluminum-silicon alloys and (Figure 23). the surface with one such cleaner. Such cleaners should confined 


These data were secured die castings, but sand the work and rinsed with water, with adjacent architecture protected 
casting and permanent mold casting alloy 356 (7% since the cleaners may also etch streak masonry, etc. 

Si, 0.3% Mg) performing similar manner, 
judged tests shorter duration. This class 


CORRELATION OF TEST DATA WITH SERVICE EXPERIENCE allov (356 and 360) combines eX: 
cellent castability, 


@zza Seacoast 
Type of Atmosphere 


Non- Industrial 


16 

Aluminum-Manganese Alloys 

alloys, such alloy 406 (2% Mn) 
(Figures 19, 20) but are being 
perseded alloys, such 432 
B214, which have better casting 
characteristics and comparable 


sistance corrosion. 


volved roofing and siding alloys 


Figure 24—Curves for the atmospheres listed were based data obtained aluminum alloys and fencing 


2S, and 4S, with the curves extrapolated years. Data obtained test specimens other and electrical conductors 
exposure stations and related aluminum alloys from variety service conditions are aluminum either all 
imposed (bars) these curves. This supplementary information adds considerable significance cable 
the data provided these basic exposure stations. minum cable aluminu 
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steel reinforced (Alcoa ACSR). The effect the di- 
exposures was evaluated measurement 
depth attack. Data from number service instal- 
lations are presented Figure 24. apparent that 
the attack was shallow and generally less than that 
for related aluminum alloys when exposed Alcoa’s 
basic weathering stations New Kensington and 
Point Judith. The data from these relatively severe 
exposure stations can used, therefore, estimate 
the performance expected from aluminum alloys 
when subjected the weather most localities. 


Other Factors 
structures involving variety building ma- 
terials, metallic and non-metallic, there are factors 
other than the weather per which are important. 
these have been treated categorically 
Mears and and Dix and How- 
ever, some remarks pertinent building and con- 

struction applications are justified. 


Surface Appearance 

For architectural applications, particular, the 
effect weathering the surface appearance 
metal important. the case aluminum alloys, 
the products weathering are light color and 
usually adhere tenaciously the metal. Thus, 
weathering aluminum alloys does not result 
staining adjacent architecture. Because the light 
color their corrosion products, aluminum alloys 
tend acquire light gray patina. This transforma- 
tion proceeds very slowly clean atmospheres away 
from the seacoast, that surfaces may retain some 
metallic sheen even after many years. Weathering 
proceeds appreciably faster seacoast locations, 
that over period several years the surface ac- 
quires dull gray appearance, which does not change 
much with time (Figure 25). industrialized 
urban areas, especially those utilizing bituminous 
coal fuel, the accumulation carbonaceous mate- 
gradually darkens aluminum alloy products 
(Figure 25) well other building materials. Ver- 
tical surfaces discolor much slower rate than 
inclined surfaces. Thus, aluminum alloy windows 
and doors usually remain light color, particularly 
washed occasionally, whereas roofing darkens. 
Sheltered surfaces aluminum alloys 
metals) generally develop thicker and rougher 
oxide coating than boldly exposed surfaces, which 
are frequently washed rain. 


Maintenance 

Aluminum alloy parts respond favorably peri- 
odic maintenance simplified nature. Bare sur- 
faces usually can kept clean simply washing 
with mild soap detergent. The use fine steel 
Wool with liquid wax cleans and brightens the metal 
and leaves protective film which helps preserve 
pleasing appearance. Installations that have been 
for extended periods can also cleaned, 
but they will often require stronger measures, such 
the use mild etchant, facilitate the removal 


adherent grime and products weathering (Figure 
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Figure 26—Anodically coated (Alumilite Finish No. 204A1) sections 
alloy 53S after years’ exposure the industrial atmosphere 
New Kensington, Pennsylvania. Section (a) was cleaned monthly during 
the first year, using fine steel wool and liquid wax, and remained 
excellent condition. When not maintained during the next eight years, 
the surface gradually darkened and the coating developed some minute 
breakdowns (not discernible several feet); however, the original 
smooth, satin finish was restored cleaning with fine steel wool 
and abrasive wax cleaner and monthly cleaning for the last six 
years with steel wool and liquid wax has preserved this finish. The 
history the bottom sample paralleled that (a) except that the 
sample was not maintained between the and year Thus, (c) 
shows dirt accumulation over six year period and (b) shows the good 
surface finish easily restored cleaning with fine steel wool and 
abrasive wax cleaner. 


Anodic Coatings 

For applications where attractive surface and 
portance, much can gained from the anod- 
ically coated aluminum alloys. Anodic coatings 
formed sulfuric acid electrolyte (Alumilite coat- 
ings) can varied thickness meet specific needs 
and the oxide coatings thus produced are much 
thicker, more abrasion resistant and more protective 
than the natural oxide These anodic coatings 
enhance the surface appearance aluminum alloys 
and provide excellent resistance weathering and 
discoloration. the coatings are the desired thick- 
ness for the application and are cleaned regularly, 
the original surface finish can preserved. neg- 
lected, the surface will slowly become soiled and may 
show some coating breakdowns. However, most 
cases the integrity the anodic coating not af- 
fected, that the coated part more easily cleaned 
than bare metal (Figure 26). 


Non-Metallics 


Contact aluminum alloys with non-metallic 
building materials does not involve any corrosion 
problems under the dry conditions that prevail within 
most buildings. Under continually wet damp con- 
ditions, however, corrosion hazards may asso- 
ciated with water absorptive materials, such wood, 
insulation and masonry. Corrosion from such causes 
usually can mitigated one combination 
the following 

back painting the aluminum alloy with 
good quality paint (free from lead pig- 
mentation) 
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painting the non-metallic material 

interposing uniform layer mastic 
compound between the aluminum alloy 
and the wood masonry, 


During construction, exterior surfaces aluminum 
alloys (and other metals) require temporary protec- 
tion, especially against the diverse materials that 
settle over are splashed onto them. Commonly 
encountered are alkaline materials, such plaster, 
mortar and concrete, which can stain even pit 
unprotected metals. Alkali resistant clear lacquer 
coatings (such those using acrylic resins), about 
0.5 1.0 mil thick, provide good resistance the 
action these materials and greatly facilitates sub- 
sequent cleaning the surfaces. This protective 
measure commonly used for both bare and anod- 
ically coated aluminum alloy installations. 


Dissimilar Metals 


Aluminum alloys are anodic most other metals 
construction, such alloys iron, copper, nickel, 
lead and tin and may suffer galvanic attack when 
coupled them. best, therefore, avoid the use 
dissimilar metals where practicable. Atmospheric 
exposures, however, are far less conducive gal- 
vanic attack than are exposures immersion, such 
sea water. The hazards galvanic attack can 
substantially minimized through selection the 
most compatible metals suitable for the job and 
employing protective coatings necessary. 

Because zinc and cadmium not stimulate gal- 
vanic attack aluminum alloys, zinc plated (galva- 
nized) cadmium plated steel other metals are 
suitable for use with aluminum alloys for such appli- 
cations where the coatings have adequate life. Al- 
though stainless steels and chromium (also titanium) 
are more cathodic than mild steel, copper and nickel, 
they cause much less galvanic attack aluminum 
alloys. Aluminum alloys and stainless steels (espe- 
cially the 300 series) have successfully combined 
their respective advantages many atmospheric 
applications. The desirable characteristics chro- 
mium can used advantage platings alloys 
iron, copper and nickel, thereby greatly reducing 
even eliminating the hazards galvanic attack, 
which may result when these metals are used with 
aluminum under adverse conditions. Best results are 
achieved when the chromium coating applied over 
plate nickel. 

atmospheric exposures, galvanic attack apt 
most severe crevices where moisture can 
trapped between dissimilar metals and remain for 
long periods. Such attack can stifled providing 
weather-tight joints, painting the faying surfaces 
and most effectively sealing the joints with 
mastic compound. 


Drainage from some dissimilar metals, notably alloys 
copper and nickel, onto aluminum alloys can have deleterious 
effects. This results from “heavy metals,” such copper and 
nickel being washed from the cathodic metals and deposited 
the aluminum surface where they excite electrochemical 
attack the aluminum. Wash from dissimilar metal parts 
small area may not supply heavy metals sufficient quantity 
harmful, but the greater quantity draining from large 
surface areas (roofing, copings) can contaminate underlying 


surfaces aluminum alloys sufficiently cause severe 
rosion. Wash from ferrous metals generally has not 
adverse aluminum alloys. The foregoing situation should 
avoided wherever feasible; encountered, the 
remedial measure maintain paint protection over one 
both metal components depending circumstances, 


Conclusions 


Outdoor exposure thousands specimens for long 
variety conditions, including severe industrial and 
coast atmospheres, shows that aluminum alloy products, 
wrought and cast, have high resistance atmospheric 
weathering. 

This attributable the “self-stopping” nature the attack 
aluminum alloys; that is, the formation protective 
which causes the rate weathering decrease markedly with 
time. 

The data indicate that after initial exposure period 
one two years, the maximum rate penetration 
sion expected appreciably less than 0.2 mil per year for 
the more adverse conditions, such severe seacoast 
pheres and less than 0.1 mil per year for atmospheric weather. 
ing conditions normally encountered. 

Although some differences resistance weathering 
noted among the aluminum alloys, the differences often were 
little practical significance that final choice allow 
based other important requirements, such strength 
formability, weldability, appearance and cost. 

Alclad products are characterized high resistance weath- 
ering and also unique resistance The 
performance alclad alloys makes them especially valuable 
for applications involving relatively thin sheet products for 
use under adverse conditions. 
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SURVEY 


Corrosion Resistance Beryllium 


JOHN RICHARDS 


ABILITY beryllium copper combine 
corrosion resistance with other desirable 
properties frequently the reason for its selection 
designers. Like other copper-base alloys, non- 
magnetic and offers good electrical and thermal con- 
ductivity. Unlike other copper materials, however, 
can heat treated high level strength and 
hardness. 

Although the term “beryllium copper” refers 
family alloys, this survey mainly concerned with 
the standard material containing nominally 1.9 per- 
cent beryllium. Unless otherwise stated, all data 
refer this alloy. Typical properties and composi- 
tions for wrought and cast forms will found 
Tables and II. More complete property and proc- 
essing information appears elsewhere.* 

The useful properties beryllium copper result 
from two-step thermal treatment. The first 
solution-annealing step (1475-1500 followed 
water quench) softens the material. This operation 
generally handled the mill prior shipment. The 
second step aging treatment (550-750 followed 
cooling any convenient rate) hardens the ma- 
terial the desired level. altering the aging 
time and temperature, possible select various 
combinations strength, hardness, conductivity, 
ductility and impact resistance. view the hard- 
ness attained through heat treatment, customary 
form machine parts prior age hardening. 

manner similar other high-copper products, 
beryllium copper provides good resistance fresh 
salt water, marine and industrial atmospheres, 
many alkaline solutions and some acids. The state- 
ment that the corrosion resistance beryllium cop- 
per equivalent that may too 
general for many specific cases. Accordingly, the 
purpose this survey present available data 
permit better evaluation the corrosion resistance 
beryllium copper. 


Aqueous Media 
Fresh and Salt Water 


Beryllium copper offers good resistance natural 
and sea water, providing somewhat better re- 
sistance than copper. Table III indicates the effects 
temper, age hardening, test temperature and 
lium content upon corrosion normal and artificial 
water. Corrosion rates are expressed 
per square decimeter per day (mdd) and 
inches penetration per year (ipy). 

indicated the table, corrosion decreases with 
beryllium content but increases slightly 
with moderate temperatures. Although temper 


paper 
tion of 


presented at the Ninth Annual Conference, National Associa- 
orrosion Engineers, Chicago, Ill., March 16-20, 1953. 
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Abstract 


Available data are presented the resistance offered 
beryllium copper corrosion various media 
including fresh and salt water, acids, alkalies and 
liquid metals. Attack various atmospheres con- 
sidered and the resulting corrosion products are de- 
scribed. The possible role internal oxidation sub- 
scale formation also discussed. Other forms covered 
include galvanic corrosion, cavitation erosion, stress- 
corrosion and corrosion fatigue. The effect cor- 
rosion the processing beryllium copper products 
noted, while typical applications where corrosion 
may present problem are briefly reviewed. 


condition not appear affect corrosion rates, the 
addition copper chloride artificial sea water has 
marked effect. There appreciable difference 
between the effect sea water and artificial sodium 


chloride solutions. 
Although has not been possible obtain his 


TABLE Properties Wrought Beryllium Copper 


| | Beryllium .. 1.9% 
Nominal 


Cobalt 
Condition and Heat treated 
Heat treatment | Heat treatable 2-3 hours at 600 F 
Annealed |Half Annealed |Half Hard 
Temper (A) (3¢ (AT) (% HT) 
Physical Properties: 
Density, lb per cuin........ 0.299 0.299 0.301 0.301 
Melting range, F............ | 1600-1800 | 1600-1800 | 1600-1800 | 1600-1800 
Electrical conductivity, 
Percent IACS, 68 F....... 17-19 15-17 22-30 2-30 
Thermal conductivity, 
btu/sq ft/in/hr °F, 470-600 470-600 750-890 750-890 
Average coefficient of linear | 
expansion: | 
Per deg. F, —100 to +70 F || 0.0000090 | 0.0000090 | 0.0000090 | 0.0000090 
+70 to +572 F_ || 0.0000094 | 0.0000094 | 0.0000094 0.0000094 
Hardness: 
Rockwell, B or C scale...... || _B45-78 B88-96 C36-41 C39-44 
Superficial........|| 30T46-67 | 30T74-79 | 30N56-61 | 30N59-65 
Tensile properties: 
Ultimate tensile strength, psi 60-78,000 85,100,000 
Elongation in 2 in., percent. . 35-60 5-20 4-10 2-6 
Proportional limit (0.002% | | 
|| 15-20,000 50-70,000 |100-135,000) 120-160,000 
Yield strength (0.2% offset), || | 
28-36,000 | 75,110,000 |140-175,000)160-220,000 
Elastic modulus, psi........ | 17,000,000 | 16,500,000 | 19,000,000 | 18,500,000 
Izod impact strength, 100-110 32-40 12-15 10-14 
Fatigue strength at 
100,000,000 cycles: 
Strip, reversed bending, psi. .|} 30-35,000 | 32-38,000 35-40,000 | 38-48,000 
Rod, rotating beam, psi.....|] | 45-60,000 | 45-60,000 
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Figure 1—Weight loss 2.05 percent beryllium copper alloy (as 
cast) continuously immersed for hours various concentra- 
tions sulfuric acid. 


TABLE Properties Cast Beryllium Copper 


| Beryllium .. 2.0% 
| Nominal. | Cobalt .. 0.4% 
Composition | Copper .. balance 
Heat Heat Treated 
Treatment Heat Treatable 2-3 hours at 650 F 
Cast and Cast and 
Solution Solution 
Condition Cast Annealed Cast Annealed 


Physical Properties: 
Density, lb per cuin........|| 0.290 0.290 0.292 0.292 
Melting range, F........... .|| 1585-1780 | 1585-1780 | 1585-1780 | 1585-1780 


Electrical conductivity, 
Percent IACS, 68 F....... 17-22 14-18 19-24 20-25 
Thermal conductivity, 


Average coefficient of linear 
expansion: 
Per deg F, 68 to 392 F...... | 0.000009 ; 0.000009 | 0.000009 | 0.000009 
Hardness: 


Tensile properties: i | 

Ultimate tensile strength, psi || 70-85,000 | 60-70,000 | 85-110,000 |150-175,000 
| 


Elongation in 2 in., percent. .| 15-30 30-45 10-25 1-4 
Proportional limit (0.002% | 
20-30,000 | 8-15,000 | 25-40,000 |105-125,000 
Yield strength (0.2% offset), | 
40-50,000 | 25-40,000 | 45-60,000 |115-155,000 
Elastic modulus, psi........ 17,500,000 | 17,000,000 | 18,500,000 | 18,500,000 
Izod impact strength, in-Ib.....|} 65-80 90-110 50-60 5-12 
Fatigue strength 


100,000,000 cycles: 


report, has determined certain corrosion 
rates for various beryllium copper alloys. Some 
specimens were subjected continuous and intermit- 
tent immersion artificial sea water for 1380 hours. 
Others were suspended over boiling sea water. Best 
resistance was offered alloy containing 1.95% 
beryllium, 4.35% aluminum, balance copper. 


Acids 

acids, beryllium copper compares favorably with 
pure copper. While good resistance offered non- 
oxidizing acids, oxidizing acids (including nitric and 
chromic) well those containing certain metallic 
salts may prove extremely corrosive. general, 
beryllium copper not rapidly corroded dilute 
sulfuric, cold concentrated sulfuric, cold dilute hydro- 
chloric and many organic acids. However, corrosion 
rates may increase, often high degree with tem- 
perature, velocity, aeration and concentration. 
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Figure 3—Weight loss 2.05 percent beryllium copper alloy 
tions sodium hydroxide. 


sulfuric acid vary widely and are apparently 
pendent upon beryllium content, concentration 
Figure and temperature. Although heat 
ment has marked effect, the addition 
ing agent such potassium dichromate increases 
corrosion rates high degree. Variation among 
the results individual investigators rather 
and probably due differences method. 
alone has described test procedures detail. 

Generally, hydrochloric acid attacks beryllium 
per the same rate sulfuric acid (see 
and VII). From the results presented, 
per equal aluminum bronze but superior 
either copper tin bronze resisting 
acid. 

The influence various concentrations 
acid alloys different beryllium contents 
given Table VIII and Figure Similar data 
acetic acid are presented Table IX. Although 


ficial 
Sa wate 


rosion rates nitric acid are excessive for 
handling, beryllium copper provides sufficient 
tance acetic acid make practical for 


applications. 


Sup 


alloy (as 
yncentra- 
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cop 


data for 


October, 1953 


part extensive corrosion testing program 
the Tennessee Valley Authority, Yates® 
reported considerable data the corrosion 
many materials exposed phosphoric acid under 
and plant conditions. Part these results 


reproduced Table Disk specimens were 


plant and pilot plant sumps, tanks, pipelines, etc. 
The data listed the last column the table were 


plant vapor ducts that contained phos- 
phoric acid mist and some fluorine, probably 
hydrogen fluoride. Although oxygen and 
water vapor were also present, the principal constit- 
the gas carrying the mist was nitrogen. 
the nature these tests, close control 
not exercisable over concentration, temperature 


Good results have been obtained with beryllium 
copper many cold concentrated and hot cold 
alkalies. Sodium and potassium hydroxide solu- 


n. 
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tions can handled room temperature, but am- 
monium hydroxide rapidly attacks beryllium copper. 
Data for sodium and ammonium hydroxide will 
found Tables and XII. The effect sodium 


hydroxide concentration illustrated Figure 


Organic Media 


Beryllium copper provides excellent resistance 
such organic chemicals hydrocarbons, alcohols, 
ketones, aldehydes and esters. Water-free organic 
compounds are generally noncorrosive ordinary 
temperatures but increases temperature and mois- 
ture may accelerate corrosion rates. Good resistance 
also offered fluorinated hydrocarbons. 


Atmospheric Attack 


Like other copper-base alloys, beryllium copper 


will stain and darken when exposed humid 


rrosion Resistance Copper Sea Water 


CORROSION 
pera- Beryllium RATE 
TEST ture, Content, Condition and 
MEDIA* F Specimen | Duration} Percent Heat Treatment mdd ipy 
Me Sea water 32-70 Strip, 0.050 | 10 mos. 0 Phosphorus deoxidized 
in. 2.0 (quenched from 1470 2.3 0.0004 
and aged 3 hr at 570 F) 
HT (quenched from 1470 2.3 0.0004 
F, cold rolled and aged } 
2 hr. at 525 F) 
140 Wire hours 46.5 0.0075 
Strip 96 hours 0 23.3 0.0037 
| 1.89 19.4 0.0034 
| 2.74 freer 3.9 0.0007 
% NaCl 59 Strip, 0.039 | 7 weeks Annealed % hr. at 1020 F 2.3 0.0004 
solution?6 x ie x 2.0 A (quenched from 1510 F) 4.3 0.0008 
2.36 in. (quenched from 1510 3.4 0.0006 
F and aged 3 hr. at 660 F) j 
2.5 A (quenched from 1510 F) 2.0 0.0003 
AT (quenched from 1510 2.2 0.0004 
and aged hr. 660 
3.5 A (quenched from 1510 F) 2.2 0.0004 
AT (quenched from 1510 2.3 0.0004 
F and aged 3 hr. at 660 F) 
113 Strip, 0.039 weeks Annealed hr. 1020 3.3 0.0005 
1.5 (quenched from 1510 4.3 0.0008 
2.36 in. (quenched from 1510 3.2 0.0006 
j F and aged 3 hr. at 660 F) 
| 2.0 A (quenched from 1510 F) 3.6 0.0006 
| AT (quenched from 1510 3.0 0.0005 
| F and aged 3 hr. at 660 F) i = 
| AT (quenched from 1510 2.8 0.0005 
F and aged 3 hr. at 660 F) * 
3.5 (quenched from 1510 2.8 0.0005 
| F and aged 3 hr. at 660 F) 
6 NaCl | Room | Strip, 0.039 | 3 weeks 0 Annealed % hr. at 1020 F} 112.1 0.0180 
| 2.0 A (quenched from 1510 F)} 100.2 0.0175 
AT (quenched from 1510 78.4 0.0137 
F and aged 3 hr. at 660 F) ? 
2.5 A (quenched from 1510 F)} 150.7 0.0263 
AT (quenched from 1510} 154.9 0.0270 
F and aged 3 hr. at 660 F) ot 
3.5 A (quenched from 1510 F)} 42.9 0.0075 
(quenched from 1510 51.5 0.0090 
| 0.394 in. 2.05 0.0005 
| 5.05 0.0007 
Room Stri 168 hours Electrolytic 16.9 0.0029 
A (quenched from 1480 F) 14.6 0.0025 
AT (quenched from 1480 | 16.2 0.0028 
F and aged 3 hr. at 570 F)| 


sulfur-bearing atmospheres. black surface pro- 
duced sulfide atmospheres, while green film 
results from salt deposited marine salt-spray 


exposures. The tarnish formed has 
apparent influence upon mechan- 


ical properties. 


Salt spray tests indicate that 
beryllium copper becomes covered 
with green film, but that even 
after six weeks the green tarnish 
still The influence 
beryllium content upon resist- 
ance salt-spray corrosion in- 
dicated Figure 

Tests also have been conducted 
under conditions cyclic humidity. 
The daily cycle includes hours 
warm dry atmosphere averaging 
130 percent humidity. This 
ness (100 percent humidity with 
condensate) obtained cooling 
atmospheric temperature. Under 
these conditions, beryllium copper 
exhibited only slight discoloration 
cases where specimens were se- 
verely handled after chemical clean- 
ing, finger prints quickly resulted 
superficial staining. Under some- 
what similar conditions, Cook and 
Merritt® observed slight tarnish 
after days cyclic humidity. 


Gases 
Halogens 
copper not corroded 
fluorine, chlorine, bromine 
iodine when perfectly dry room 
temperatures, but traces mois- 
ture increase the corrosiveness 


these gases. slightly elewated 
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temperatures the beryllium content attacked selec- 
tively and lost from the surface this alloy, ap- 
parently because the high volatility beryllium 
Consequently, beryllium copper should 
used with caution where exhaust gas from bromine- 
treated tetraethyl lead gasoline present. 

Good resistance various organic refrigerants 
(freon, etc.) has been observed the absence 
moisture. result, beryllium copper frequently 
employed refrigeration temperature control equip- 
ment. 


Other Gases 


Although moist ammonia may prove 
good results have been observed for beryllium cop- 
per feather valves handling moist carbon dioxide. 


Effect Elevated Temperature 


Oxidation and Scaling 


the case other copper alloys, the resistance 
offered beryllium copper attack, when heated 
oxidizing atmosphere largely dependent upon 
the type resulting scale. general, the scale which 


forms elevated temperatures composed 


outer layer black cupric oxide inter. 
mediate layer red cuprous oxide (Cu,O) and 
inner layer gray-to-colorless beryllium oxide 
(BeO). Although anticipated that beryllium 
oxide would confer added resistance oxidation 
virtue its stability, the improvement over pure 
copper not impressive due the presence 
refractory copper 


result new derivation Wagner’s ex. 
pression, Thomas and predicted that oxides 


with low electrical conductivities should produce 


films with high oxidation resistance. Since 
erally agreed that the growth copper oxide films 
occurs the diffusion copper ions outward, 
expected that scales preventing retarding 
this diffusion (films low conductivity) will en- 
hance the resistance oxidation. The electrical con- 


ductivities several oxides are listed 


the basis this work Price and Thomas, 
the oxidation resistance number copper alloys 
can approximated. sufficient beryllium pres- 


ent copper cause the formation beryllium 
oxide film, the rate oxidation 


Tem- CORROSION 
RATE that the addition 2.4 percent 
ture, ntent, ndition an ; 
TEST* F. Specimen | Duration | Percent Heat Treatment mdd ipy to 
Alternate 140 Strip, 0.050 deoxidized oxidation rate actor about 
in 10% 8 in. 2.0 AT from 1470 5115 0.892 
solution cold rolled and aged vanced Price and Thomas, 
Continuous Cast, 24hours 100 0.0174 trical conductivity and reducing the 
immersion 0.394 oxidation resistance. 
in 10% 3.94 in. 
Qualitatively, Thomas 
Continuous Room | Strip 24 hours 0 Electrolytic copper...... 30 0.0052 Price?® demonstrated that consider 
Continuous Room Strip hours 2.1 Apparently, an- The treatment suggested 
immersion nealed and age gible 
acid + 3% 24 hours 2.1 REN ree ee 18,600 3.24 ae 
potassium hydrogen containing 0.1 
water vapor. Since this 


* Superior figures in this column refer to references at end of article. 


TABLE Content Varying Concentrations Sulfuric Acid 


(Loss in mdd) 


beryllium copper, treatments 


possible. There available 


evidence indicating that 


* Increase in weight, mdd. 
** Superior figures in this column refer to references at end of article. 


would cause rapid overaging 


should carried out below 
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roduce 


October, 1953 


500 both cuprous oxide and beryllium oxide are 
present and heating higher temperatures produces 
beryllium oxide. Cooling room temperature 
600 higher does not result any change, 
beryllium oxide remains. Similar observations 
have been reported other investigators, 
though pressure may exert some 

Masing and were the first investigate the 
rate beryllium copper. They determined 
the effect beryllium content the weight increase 
resulting from heating for hours 752 


21,22 


al- 
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current air. indicated Figure increase 
beryllium content causes marked improvement 
oxidation resistance. 


Subsequently, conducted extensive 


TABLE Vi—Effect Immersion Hydrochloric Beryllium Copper 


films Tem- CORROSION 
TYPEOF Content, Condition and 
tarding TEST* Specimen Percent Heat Treatment mdd ipy 
Alternate 70-75 Strip, Phosphorus deoxidized 453 0.073 
immersion. | x 0.625 x copper 
al con- 1% min. 8 in. 2.0 AT (quenched from 1470 332 0.058 
in solution F and aged 3 hr. at 570 F) i, 
able and 144 (quenched from 1470 332 0.058 
min. in F, cold rolled, and aged 
air in 2 hr. at 525 F) 
5 h ted 140 Strip 96 hours 0 147 0.024 
pres- 
in 1 
ryllium 
immersion | x 118x 2.0 568 0.099 
HCcP6 2 days 2.0 A (quenched from 1470 F) 629 0.110 
found (quenched from 1470| 707 0.123 
percent F and aged at 660 F) 
Continuous Room | Strip, 0.039 | 7 days 2.0 A (quenched from 1470 F) 402 .070 
x 118 x AT (quenched from 1470 656 0.115 
AT (quenched from 1470 585 0.102 
: | immersion | x 0.394 x 
5 immersion | x 0.394 x | 
: mm Continuous | Room | Strip 24 hours 0 Electrolytic copper...... 56 0.010 
| F and aged 3 hr. at 570 F) 


film 


minutes 


*Superior figures in this column refer to references at end of article. 


TABLE Beryllium Content Varying Concentrations Hydrochloric Acid 


Pa (Loss in mdd) 
CONCENTRATION 
ging Ol GM Continuous immersion for 7 days at room | 100% Cu 1079 | 
- Mae «*Mperature on strip specimens. 0.039 x | 1.5% Be 568 
i 2.5 e 325 | 
10% 1168 
: cast specimens (not age hardened)5 | 1.00% Be 80 60 60 90 100 
erat on drawn specimens, 0.32 in. diam. x 0.60 23% Be 7 50 50 90 120 
at 


copper. 
** Superior figures in this column refer to references at end of article. 


study the scaling pure and alloyed copper 
attempt determine the direction the process. 
this investigation, Froehlich reaffirmed the increased 
resistance scaling with higher beryllium content 
(see Figure 6). From Froehlich’s data, also 
possible estimate the influence various additives 
the oxidation rate copper. Figure shows that 


beryllium the most effective 
this respect, predicted Price 
and Froehlich observed 
thin external black scale (cupric 
oxide) which covered very thin 
white film (beryllium oxide), Re- 
sistance scaling attained when 
this inner film the solute oxide 
prevents further diffusion cop- 
per toward the cupric oxide.* 

has carried the investiga- 
tion scaling further include dif- 
ferent exposure temperatures and 
higher beryllium concentrations. The 
effect time and temperature upon 
the oxidation alloy both wire 
and plate forms containing 2.05 per- 
cent beryllium content, indicates that 
optimum resistance scaling ob- 
Terem also observed whitish layer 
beryllium oxide and found that 
this film afforded substantial protec- 
tion against corrosion nitric acid. 

Most the preceding investiga- 
tion scaling rate apply elevated 
well 
above the usual operating range for 
beryllium copper. More recently, 
Campbell and determined 
oxidation curves more moderate 
temperatures. The data for beryllium 
copper strip are reproduced Figure 
10, while Figure presents com- 
parison the effect temperature 
the oxidation rate several ma- 
terials. The low slope for beryllium 
copper accord with theory, be- 
cause beryllium will diffuse more 
readily higher temperatures, pro- 
viding larger proportion the 
highly protective beryllium oxide. The 
role the diffusion rate the 
protection offered beryllium 
oxide films also has been considered 

addition external scaling, 
internal oxidation subscale for- 


* The effectiveness of beryllium additions in re- 
ducing oxidation rates recently has been con- 
firmed further—see J. P. Dennison and A. 
Preece, ‘High-Temperature Oxidation Charac- 
teristics of a Group of Oxidation-Resistant 
Copper-Base Alloys,’ Journal of the Institute 
of Metals, Vol. 81, pp. 229-234 (1953). 
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Figure 4—Weight loss resulting from salt spray affected beryl- 
lium content. 


TABLE Beryllium Content Varying Concentrations Nitric Acid 


(Loss in mdd) 


3200 


INCREASE, MDD 


WEIGHT 


BERYLLIUM CONTENT, 


Figure 5—The effect beryllium content oxidation rate beryllium 
copper strip, 0.040 in. thick, heated hours 752 Masing and 


Oxygen diffuses inward from the 
external surface the metal the 


CONCENTRATION 


Compo- 
sition* 


100% Cu 


TEST CONDITIONS** 


Continuous immersion for 18 days 
at room temperature on strip 
specimens, 0.039 x 1.18 x 2.36 in., 
in annealed condition?® 


3.5% 


subscale boundary (reaction front) 
where combines with beryllium 
diffusing outward. account 
its stability, beryllium oxide forms 
preference cuprous oxide. Be- 
cause beryllium oxide probably has 


10% Sn 
12% Sn 
14% Sn 


Continuous immersion for 24 hours 
at 68 F on cast specimens (not age 
hardened)5 


rather limited solubility copper, 
will precipitate within the zone 
internal oxidation. 

result comprehensive in- 
vestigations covering dilute binary 


170 210 
150 110 
150 120 


9.96% 


28,500 | 31,500 
94,500 | 94,500 


alloys beryllium and copper, 
has established rates for 


Continuous immersion for 24 hours | 100% Cu 
at 68 F on drawn specimens, 0.32 | 2.3% Be 
in. diam. x 0.60 in. long (not age | 10% Al 
hardened) 


Continuous immersion for hours 
at room temperature on strip 
specimens as follows:5° 

Electrolytic copper 

Beryllium copper: 
H (cold rolled) 
A (quenched from 1480 F)... 
AT (quenched from 1480 F 
and aged 3 hr. at 570 F). 


10% Cu 


2.12% 
2.12% 
2.12% 


750 simple internal oxidation and for 
oxidation. The beryllium contents 
ran from 0.02 0.101 percent, 
while the temperatures ranged 
from 1112 1832 Ternary al- 
loys with zinc, tin aluminum 
also were considered. 
Figure shows typical zone 


* Balance copper. 
** Superior figures in this column refer to references at end of article. 


TABLE Beryllium Content Varying 
Concentrations Acetic 
(Loss in mdd) 


CONCENTRATION 


Beryllium 
Content, |— 
Percent 


TEST CONDITIONS 


Continuous immersion for 24 AS 18 
hours at 68 F on cast speci- 5 
mens (not age hardened) 


mation also may result when beryllium 
heated relatively high temperatures the presence 
oxygen. The subscale zone generally has 
defined boundary which moves inward from the metal 
surface with increasing time oxidation. The zone 
consists essentially isolated particles beryllium 
oxide deposited matrix almost pure 


Diffusion appears the motivating force. 


internal oxidation (gray area) 

resulting from prolonged heating 

1450 salt bath. Note the 
relatively heavy formations beryllium oxide ap- 
pearing black deposits along the grain boundaries. 
Figure similar except that has been etched 
show the base metal more clearly. both instances, 
there relatively sharp line demarcation 
subscale and unaffected metal. 

Although Rhines* has called attention the 
sible role internal oxidation age hardening 
beryllium copper, difficult obtain this 
dition. practice, heating times are too short 
temperatures too low produce this effect. 

Meijering and have 
strated that precipitated beryllium oxide may 
dispersion hardening, depending upon the size the 
particles. result, the subscale may slightly 
harder than pure copper but substantially softer 
hardened beryllium copper with tendency toward 
brittleness. Consequently, material 
oxidation could not expected withstand 
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influence time and beryllium content the scaling 
beryllium copper strip slow air stream 1472 Froehlich. 
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20.0% 


HOURS 


(18) 


Ni 


Figure effect concentration the scaling copper alloys 
strip form 1472 for hours. 


operating conditions and would exceedingly prone 
premature failure under dynamic loading. 

Although specific data lacking, probable 
that beryllium copper offers slightly better resistance 
sulfur and its gaseous compounds than 
pure copper. Sulfide mixed sulfide and oxide scales 


@ 


WEIGHT 


SCALING TIME, HOURS 


Figure 8—The influence time and temperature the scaling 
beryllium copper wire and strip (2.05% Be). 


result from exposure atmospheres containing hy- 
drogen sulfide sulfur Price and 
have expressed the opinion that selective oxidation 
beryllium copper will prevent attack oxidizing 
atmospheres containing sulfur. 


Hydrogen Embrittlement 

further work with dilute solutions beryllium 
copper, has observed hydrogen embrittle- 
ment when specimens were alternately annealed 
under oxidizing and reducing conditions. Since there 
apparent weakening the material evi- 
denced the bend test data reported, probable 
that structural changes have been observed during 
metallographic studies. 

The mechanism for hydrogen embrittlement pro- 
posed Rhines follows: 


During the oxidizing cycle, oxygen diffuses into the 
alloy producing subscale composed precipitated 
beryllium oxide matrix almost pure copper. 

Subsequent annealing hydrogen will reduce the 
beryllium oxide the subscale, producing water 
vapor. 

Since hydrogen diffuses faster through copper than 
water vapor, sufficient pressure built pro- 
duce holes along the grain boundary within the 
oxidized zone. 


TABLE X—Corrosion Rates Phosphoric Acid and Vapor Containing Phosphoric 


MATERIAL TESTED 


Aluminim Bronze 


(5% 
High Brass. . 
(35% Zn) . 


Corrosion 
Rate 
Units 


mdd 
ipy 
mdd 
ipy 
mdd 
ipy 
mdd 
ipy 
mdd 
mdd 
ipy 
mdd 
ipy 
mdd 
ipy 
md 
ipy 


3-14% 


Containing 
Small 
Quantity of 
Fluorine 
Compounds 
150 


0.0310 


185-212 


ntaining 
Small 
Quantity of 
Fluorine 
Compounds 


50.2 
0.0088 


Excessive 
Excessive 


70-80% 
(Dripping) 
Containing 

Small 
Quantities of 
Fluorine 
Compounds 
in a Mist of 


203-230 


3368 
0.5900 
4950 
0.8000 
4039 
0.6500 


75-80% 
HsPQ,4 


167 


85-95% 
(Dripping) 
Containing 

Small 
Quantities of 
Fluorine 
Compounds 
in a Mist of 


212-239 


85-95% 


Containing a 
Small 
Amount of 
Fluorine 
Compounds 


165-185 


45,500 
8.3100 


Elemental 
Phosphorus 
in Storage 


149-158 


Vapor 
Containing 
a Small 
Quantity 
HsPO, as a 
Mist and 
Traces of 
Fluorine’ 
Compounds 


185-212 


263 
0.0460 
538 
0.0870 
398 
0.0640 


1709 
0.3000 


365 
Bronze-C.. . . | 40.8 693 | 52.0 | 6.8 
25.9 142 578 106 802 118 4.1 318 
17.3 48.4 4378 148 272 43.2 5.6 272 
Si, 1.1% Mn) 0.0050 0.0070 0.0700 0.0054 0.0055 
17.2 369 148 461 86.1 4.9 274 
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observed commercial beryllium copper alloys 
higher beryllium content (over percent). The 


drogen even temperatures high the melting 
temperature beryllium copper. Consequently, 
hydrogen embrittlement does occur, some other re- 
action must responsible. 


Liquid Molten Metals 
contact with liquid metals, the usefulness 
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practice, hydrogen embrittlement has not been TABLE Conductivity Several Oxides 


Price and 


absence this phenomenon perhaps due the Conductivity, 

difficulty producing subscale during normal op- 

possible reduce beryllium oxide with hy- very 
10-9 


beryllium copper determined its resistance 


alloying (solid solution intermetallic compound 
formation), intergranular penetration, selective at- 
tack surface beryllium, and chemical compound Artificial Sea 


TABLE Series Based Upon Potential Measurements 


Water Against Calomel Half Cell,’ 


(oxide) formation. Kelman and have 
reported good resistance attack mercury METAL ALLOY 
200 with limited usefulness the range 200-700 Magnesium and 


Zinc and alloys ae 


icati 
From application standpoint, beryllium 


casting, while pressure-cast beryllium copper dies 


Good resistance also offered sodium, potassium plating 
and sodium-potassium alloys, least 1112 Aluminum and 
the basis poor resistance provided cop- 
anticipated that beryllium copper would 


not suitable connection with gallium, lead, bis- 
muth, eutectic bismuth-lead, tin, thallium, indium, Copper 
. . . . . . CET 
cadmium, lithium aluminum their molten Nickel 
Cupro-nickel 
states. Beryllium 


plunger tips are extensively used aluminum die 


Potential in Volts 


+0.02 


TABLE Beryllium Content Varying Concentrations Sodium Hydroxide 
(Loss in mdd) 


Beryllium | CONCENTRATION 
Content, 
TEST CONDITIONS* Percent 1% 2.5% | 4% | 5% 7.5% | 10% 
Continuous immersion for 24 hours at 68 F 0.49 120 210 tes 139 40 30 
on cast specimens (not age hardened)5 1.00 60 200 ao 130 61 21 
2.05 7 188 sek 121 78 30 
5.05 90 210 aie 139 100 21 
ee 9.96 80 118 re 50 | 20 30 
f Continuous immersion for 24 hours at 
room temperature on strip specimens 
as follows:5° 
Electrolytic copper. 0 
a Beryllium copper: 
£ A (quenched from 1480 F)......... 2.12 7.7 
Si AT (quenched from 1480 F) 
and aged 3 hr. at 570 F)......... 2.12 11.6 


* Superior figures in this column refer to references at end of article. 


TABLE Beryllium Content Varying Concentrations 
Ammonium Hydroxide 
(Loss in mdd) 


Beryllium CONCENTRATION 
| Content, 
TEST CONDITIONS* Percent 1% 2.5% | 3.5% 5% 7.5% 10% 
Continuous immersion for 24 hours at 68 F | 0.49 910 830 en 660 720 710 
on cast specimens (not age hardened)5 1.00 680 850 rae 530 550 530 
th 2.05 730 540 ok 560 550 540 
5.05 540 390 ee 820 380 370 
9.96 420 510 nie 510 330 290 
Continuous immersion for 24 hours at 
room temperature on strip specimens as 
follows:5° 
Electrolytic copper................. 0 88 
Beryllium copper: 
A (quenched from 1480 F)......... 2.12 pak meet 60 
AT (quenched from 1480 F and 2.12 Reve ae 62 
aged 3 hr. at 570 F). 


* Superior figures in this column refer to references at end of article. 


are sometimes employed die 
casting zinc. the former applica- 
tion, attack steady but not 
rapid enough prevent successful 
use. the latter case, the dies will 
eventually wash but have proven 
economical for short moderate 
runs. 


Galvanic Corrosion 


the absence specific data 
the galvanic corrosion beryllium 
copper, must assumed that 
will behave like pure copper this 
safely coupled other copper 
loys. Tests conducted with beryl- 
lium copper contact with 
salt spray for one 
cate that the weight loss 
greater than normally enc: untered 
with beryllium copper alone 
similar test 

Table XIV lists the contact 
tentials various metals.’ These 
values, which are the potentials 
the individual metals immersed 
artificial sea water meas 
ured against normal calomel halt 
cell, should used only guide 
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effect beryllium content and temperature upon the 
rate beryllium copper exposed for hours. 


TIME MINUTES 


lata 
that 
this 
per al- 
indi- 

intered 
under 


in, thick and nominally Be. Campbell 


act 

These 
tials 
rsed 

guide 


} 


1000 


curves for beryllium copper half-hard strip, 0.005 


view the many variables usually present. For 
that beryllium copper was anodic phosphorus 
copper millivolts when both metals 
but within hours the potential was 
and beryllium copper was cathodic 


\Vhen necessary connect beryllium copper 
with zinc, magnesium 
corrosive conditions, means insulation 
should considered prevent accelerated corrosion 
these latter materials. Under certain conditions 
desirable plate beryllium copper with tin 
with aluminum alloys with zinc 
ior use against zinc alloys. the case 
steel, where the potential difference would 
galvanic action would probably only en- 
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PHOSPHOR BRONZE 

70-30 BRASS 

0.5 
uJ 
BERYLLIUM COPPER 
STAINLESS 
uJ 

ALUMINUM BRASS 
0.05 
NICKEL 
0.02 
300 400 500 600 


TEMPERATURE 


Figure 11—Effect temperature the oxidation rates several 
strip materials, 0.005-inch thick, exposed for one hour. Campbell 


countered the case relatively large areas 
beryllium copper. 


Mechanical Factors 


the field, corrosion phenomena are frequently 
complicated mechanical factors. Since mechanical 
action generally increases corrosion rates, often 
high degree, its effect must carefully considered. 
Types discussed include stress-corrosion and cavita- 
tion-erosion. Stress-corrosion can further divided, 
depending upon the nature the stress, give 
stress-corrosion-cracking (static stress) and corro- 
sion-fatigue (dynamic stress). 


Stress Corrosion Cracking 

stress-corrosion-cracking, stresses may either 
induced (service loading) internal (fabricating). 
The term “season cracking” can considered 


TABLE XV—Characteristics Beryllium Copper Alloys Subjected 
Stress Corrosion Tests” 
(See Figure 14) 


ALLOY DESIGNATION 
Chemical composition: 
Mechanical properties: 
Yield strength, psi............ ie 72,200 26,000 
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800 
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640 
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nVolti 160 
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ALLOY 


STRESS 


ALLOY 


200 400 600 800 


TIME RUPTURE, HOURS 
Figure 14—Stress-rupture characteristics beryllium copper ammonia 
atmosphere (non-standard alloys, see Table XV). 
Figure 12—Internal oxidation (gray area) resulting from 
ternal residual stresses and usually applied 
brasses containing less than percent copper. 
probable that stress-corrosion-cracking can 
produced almost all metals and alloys under 
tain combinations stress, time and corrosives, 
tailed data for beryllium copper are unavailable; 
however, field reports indicate excellent resistance, 
The only known published figures result from 
and cover non-standard casting alloys (see 
Figure and Table XV). view the low 
tensile and hardness properties shown 
mately 50-65% anticipated), specimens may have 
been tested the cast” conditions, without the 
usual solution and aging treatments. 


Corrosion-Fatigue 

Corrosion-fatigue combines dynamic 
stresses with corrosion. Damage from this form 
Figure oxidation similar Figure but etched show attack can especially severe, since the roughened 


base metal. Ammonium persulfate etch (magnified 500 X). pitted surface resulting from corrosion increases 
the rate crack propagation due 


dynamic loading. many 


TABLE XVi—Summary Corrosion Fatigue Data for Beryllium Copper the protective oxide films 
and rials are rendered useless 
ae Corrosive media............. 3% salt in distilled water Brackish water (1/6-1/3 salinity of sea water) Among available alloys, beryl- a 
Rotating beam, 2200 RPM Rotating beam, 1450 RPM 
2.25 2.36 2.91 0.31 0.53 sistance corrosion-fatigue. 
tion tion tion tion tion tion fatigue studies 
and and and and and and various forms are 
Solu- aged aged aged aged aged aged 
Condition drawn | treated| 680 F 660 F 525 F 575 F 750 F 930 F of 
ensile strength, psi........| 72,1 182, 107,8 50, 19,6 32,1 49, their relz e to COr 
Proportional limit, psi...... 30,700 | 12,100 53,800 | 40,000; 51,500} 83,500} ...... 24,000 ative resistance 
Rockwell B87 B68 C42 C34 C42 B97 B93 sion-fatigue. The comparative 
Fatigue strength 50,000,000 presented based 
cycles: 
36,500 | 35,800 | 43,500} 13,000] 17,500; 15,500 8,000 7,000 i ber 
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rosion needed many marine, petroleum and 
may defined the damage chemical operations. Beryllium copper scraper blades, 
material associated with the formation and collapse shaft seals and host other components 
the liquid solid-liquid find use chemical processing equipment. Instru- 
irregularities produce low-pressure areas, al- ment springs well bellows, diaphragms and 
pockets vapor The collapse these bourdon tubes are exposed atmospheres ranging 
pockets, due abrupt flow pressure from polar tropic and rural industrial. Beryllium 


causes high shock pressures reed and flapper valves employed outboard 
leaving roughened surface. motors are subjected simultaneously fatigue load- 
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test methods have been devised simulate 
conditions. addition the cor- 
tests conducted Stewart and Wil- 
and listed Table XVI, several the same 


From the corrosion data presented, possible 
corrosion problems encountered process- 
and service. Perhaps the most important factor 
processing standpoint the effect heat 
upon surface condition. 
the solution treatment 
severe age hardening (up 


COPPER 
BERYLLIUM COPPER 


copper alloys cast form were exposed PHOSPHOR BRONZE 
vibratory hydraulic cavitation tests sea water CUPRO-NICKEL 
laboratory conditions. Relative resistances for 70-30 BRASS 

allovs are shown Table XVII. the MONEL 

loss for standard manganese bronze sample 
the weight loss for the test material.* The 

contents afford comparison with other 

given Table XVI. 


RETENTION 


Figure 15—Relative corrosion fatigue several materials based upon 


retention salt spray normal endurance 


TABLE Resistance Beryllium Copper Casting Alloys 


Hydraulic Cavitation 
(Vibration Time—120 Minutes) 


will occur during both op- ALLOY Composition Condition psi Cavitation Erosion 


involved. This oxide will 


special problems subse- 
machining, pressworking, 


TABLE Resistance Beryllium Copper Summarized 


Similarly, beryllium oxide can Approximate Service Ratings (see note) 

present service prob- Good Limited Poor 

For example, its low electri- acid, 0.1% (RT) Acetic acid, 2.5-10% (RT) Aluminum, molten 
Alcohols Bromine, moist (RT) Ammonia, moist 
conductivity means high con- Alum Chlorine, moist (RT) Ammonium hydroxide 
. Ammonia, dry Fluorine, moist (RT) Bismuth, molten 

act resistance. In addition, it may Atmosphere, rural (RT) eutectic, molten 
marine Mercury (200-7 3romine, moist (ET) 
wear 1n mating industrial water Cadmium, molten 
Boric aci *hosphoric acid, 3-95% (RT-212 F) | Chlorine, moist (ET) 
the other hand, beryllium Brines Sea water Chromic acid 
me hims j j Bromine, dry Sodium chloride, 3% + copper Ferric chloride 
a Ss may impart special she Calcium chloride chloride " | Fluorine, moist (ET) 
certain corrosive envi- dioxide, dry moist Sodium hydroxide, 1-10% (RT) Gallium, molten 
; Carbon tetrachloride Sulfur dioxide, moist Hydrochloric acid, 10% (140 F) °* 
the answer Chloride, dry Sulfuric acid, 0-10% (RT) Hydrochloric acid, over (RT) 
: titi | ¢ Citric acid Zinc, molten Hydrogen sulfide, moist 
wear problems. Conse- Fluorine, dry Indium, molten 

Freon Lead, molten 

all processing and service water Lithium, molten 

r Gasoline Nitric acid 
ments should Sulfuric acid, 10% (140 

determining whether sulfide, dry 


most familiar application Potassium, molten (up 1112 
Sea water (RT) 
copper where corrosion Sodium chloride 
resents < - Sodium, molten (up to 1112 F) 
feature, these tools (up 1112 
provide the resistance cor- dioxide, dry 
Tannic acid 
Trichlorethylene 
Fs ae Value indicates improved resistance 


Sulfuric acid, 5% + potassium 
dichromate, 3% 

Thallium, molten 

Tin, molten 


RT—room temperature ET—elevated temperature 

Note: These ratings, based upon laboratory and field tests, are offered 
only as a guide, since corrosion rates are affected by agitation, 
temperature, aeration, concentrations, etc. Ratings based upon 
laboratory tests have the following significance: 


Rating Rate of attack, ipy 
Good less than 0.001 
Limited 0.001 to 0.010 

Poor more than 0.010 
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ing and salt water impingement. Many other equally 
severe applications can cited. 

combat certain types corrosion, may 
desirable lacquer plate beryllium copper com- 
ponents. Many types plating, including gold, 
silver, tin, zinc, cadmium, copper, nickel and chro- 
mium can applied readily where 

The accompanying Table XVIII summarizes the 
corrosion resistance beryllium copper various 
media under normal conditions. Data are based upon 
laboratory tests and service experience. This table 
offered only guide starting point—to 
supplemented tests under actual operating con- 
ditions whenever possible. 
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POTENTIALS metals have been used 

widely interpreting the behavior metals 
This quite natural because now 
generally accepted fact that the corrosion metals 
aqueous environment electrochemical na- 
ture. This means that there are two electrode reac- 
tions taking place cathodic and anodic areas sepa- 
rated from one another. corroding systems these 
two reactions are not the reverse each other but 
are generally two different reactions such as: 


corroding areas 


The metal-metal ion reaction determines the poten- 
tial the anodic areas and the cathodic reaction (or 
reactions) determines the potential the cathodic 
areas. These potentials are commonly based the 
voltage hydrogen being equal zero and this 
the reference used this presentation. 

Because corroding system obviously not 
equilibrium the potentials measured are not equilib- 
rium potentials but are those more less polar- 
ized electrodes. The corrosion rate will depend 
the usual factors which determine reaction rates and 
these factors can given equivalent electrochemical 
terms follows: 


Anodic Reaction 


Electrochemical 


Concentration reactants Equilibrium potential 
Diffusion Concentration Polarization 
Activation Energy Overvoltage 
The same set terms true for the cathodic re- 


action and 


where the current, the potential the 
cathodes, the potential the anodes and 
the sum all the resistance paths the electrical 
circuit the corroding system. While usually 
possible postulate many reactions corroding 
system, those reactions with the smallest amount 
polarization with increasing current density will pre- 
dominate. 


*% A paper presented at the Ninth Annual Conference, National Associa- 
tion of Corrosion Engineers, Chicago, Ill., March 16-20, 1953. 
* Division of Applied Chemistry, National Research Council, Ottawa, 


Canada. 


Interpretation and Significance 


MORRIS COHEN* 


Abstract 


The potential metal aqueous solution 
dependent both the reaction reactions which 
are taking place between the metal surface and the 
environment and the physical nature the sys- 
tem. When metal corroding not only the system 
not equilibrium but there usually more than 
one reaction taking place. The potential which 
Because this, the measured potential poor 
criterion the corrosion resistance and must 
considered relation the environment. The effect 
the resistance paths the system the 
are considered. Examples the potentials iron 
various systems are given and the main factors de- 
termining these potentials are outlined. 


The equilibrium potential 
electrode depends the concentration the 
acting ions very definite manner, 
the Nernst Equation. 
valency the metal ion, the activity 
metal ion the solution, and Faraday’s 
stant. the metal corrodes form 
product, iron does most neutral solutions, the 
ionic concentration determined the solubility 
product the precipitate. Potential 
have been used determine the solubility product 
the concentration the metal ion falls below about 
the Nernst equation usually can applied 
longer, probably due the superimposition 
other reactions. should noted that the 
tration the species which determines the 
tial that concentration which the 
polar 
When the electrode reaction involves one the 
constituents the solution, which usually the 
the cathodic reaction, the potential changes due 
change the concentration the interface 
becomes dependent the rate diffusion the the 
constituent the metal surface. For this reason the 
potential metals such iron, particularly ance 
tions containing oxygen, very dependent 
stirring. 
tion energy the reaction. When this small 
rate usually high. Electrochemically the 
voltage. metals such iron, where the 
voltage for hydrogen deposition high, this 
marked effect the potential, especially 
solutions. Impurities the iron surface will 
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Figure 1—Schematic diagram potential 

measuring circuit showing anodic (A) and 

cathodic (C) areas and point measurement 
(B) 


A 

(a) 
B 
(d) 


CURRENT 


Figure 2—Types polarization curves. 
High cathodic polarization and low resistance. 


the position the measuring electrode. 


Equivalent anodic and cathodic polarization. 
High anodic polarization. 


lower the overvoltage and alter both the 
and effective potential. There may also 
activation energy and overvoltage associated 


with the removal metal ions from the metal lat- 
the 


tice the solution which would contribute anodic 


face 


the 


The electrochemical corrosion reaction differs from 


ordinary chemical reaction that the cathodic 
anodic reactions are interlocked and must bal- 
each other, that the rate, expressed am- 
the anodic reaction must equal the 


the cathodic reaction, Thus highly polarized 


reaction, such the evolution hydrogen 


air-free solutions, decreases the possible 
the anodic reaction and hence the rate cor- 


Although the total reaction rates are the 
the overall areas the cathodes and anodes 
different and therefore the current densities are 


any corroding system there the possibility 
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direct chemical reaction, was well the electro- 
chemical reactions. The most common example 
the direct reaction dissolved oxygen with the 
metal surface. This reaction will have direct ef- 
fect the potential measurement but may have 
indirect effect that changes the relative sizes 


the cathodic and anodic areas and hence the cur- 
rent density and polarization. 


When there are least two electrode processes 
occurring metal surface, corroding sys- 
tem, the value the potential which measured 
somewhere between the potentials the working 
electrodes. Figure diagram single anode 
surrounded cathode solution with meas- 
uring half-cell connected the metal. 


the probe electrode, such Ag/AgCl elec- 
trode, inserted the solution Point the 
potential measured the potentiometer the dif- 
ference between the potential the probe electrode 
and the potential the solution Point This 
latter potential must such that the potential drops 
from both (the cathodes) and (the anodes) give 
the same potential. (For iron the area usually 
oxide film.) The value the potential there- 
fore dependent the resistance paths from 
and The overall resistances the electrolytic 
path can roughly divided into three types, namely: 
the cathode film resistance, the anode film resistance 
and the solution path resistance, and, 


Where appreciable part then the 
measured potential very dependent the posi- 
tion the probe electrode. Under this circum- 
stance possible, moving the probe electrode, 
measure approximately the potentials the cath- 
odes and anodes and this has been done number 
The fact that there are potential dif- 
ferences the solution due current flow has also 
been used estimate the total current corro- 
sion cell and correlate this current with the total 
amount 


When small comparison the poten- 
tial measurement practically independent the 
position the probe electrode. The value the 
potential then depends upon the relative sizes 
measured potential will approach that the anode 
and conversely when large comparison 
the measured potential will approach that the 
cathode. 

When the potentials the anodes and cathodes 
are nearly equal value, either due the electrode 
reactions involved polarization, the potential meas- 
ured also will fairly independent the position 
the electrode the solution. These nearly equal 
potentials combined with any appreciable resistance 
will lead low current and low corrosion rate. The 
practical safety galvanic couples from the corro- 
sion point view often based their potentials.” 

Polarization curves are often used illustrate how 
the potential affected the polarization the 
anodes and cathodes. Examples these are given 
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Figure and are the unpolarized anodic and 
cathodic potentials. When the resistance 
tween the anodes and cathodes low, the potential 
given the intercept the anodic and cathodic 
polarization curves and the corrosion under 
cathodic control, (a) the potential read will 
approximately that the anodes. (The corrosion 
rate said under cathodic control when the 
slope the cathodic polarization curve much 
steeper than the slope the anodic polarization 
curve.) However, there appreciable resistance 
between the anodes and cathodes the potential read 
will somewhere along line such and will 
depend the positioning the measuring electrode. 
this resistance mainly electrolyte resistance (Rs) 
possible, correct positioning small probe 
electrode, measure the polarized potentials the 
anodes and cathodes. large part this resistance 
due adherent films the anodes and cathodes, 
the measured potential will quite different from 
that either the anode cathode. These polariza- 
tion curves are often quite helpful another method 
expressing results, but they can not usually ex- 
plain the reasons for the results. Also more useful 
polarization curve should expressed terms 
current density and usually impossible deter- 
mine the real areas the working anodes and cath- 
odes corroding metal. 

Measurements potential-time curves have been 
most useful helping understand corroding sys- 
tems. With some knowledge the chemistry and 
geometry the system the potential-time curve 
very valuable explaining many corrosion phenom- 
ena. Isolated electrode potential measurements also 
can useful there already exists previous knowl- 
edge concerning the system. Thus, solutions which 
are borderline between corrosion and passivity po- 
tential measurement will often determine whether 
the metal active passive. This type measure- 
ment will not, course, measure the rate corro- 
sion and without some knowledge the system 
potential measurement can misleading. Thus 
Brown and have shown that the presence 
good cathodic depolarizer such ferric chloride 
sodium chloride solution, the potential stain- 
less steel does not change when corrosion starts. 
the absence depolarizer this type, Berwick 
and obtained correlation between potential 
and activity passivity with stainless steel. 

the absence oxygen other oxidizing agents 
the reactions iron aqueous solutions are: 


Fe** 

The cathodic reaction highly polarized (due the 
large overvoltage for hydrogen evolution iron) 
and the measured potential almost solely depend- 
ent the concentration, which turn de- 
pendent the concentration, the solution. 
One should therefore expect that the potential will 
become more negative the increased and 
this actually the This results from de- 
crease Fe** concentration with increase 
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Cathodes 
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Figure 3—Variation potential with anode 
pore radius. A—mixed polarization. B—high 
initial cathodic polarization. 


concentration. Because the high polarization 


the cathodes, the rate corrosion low and de- 
creases with increasing despite the fact that 
potential more “anodic.” 


the presence oxygen reaction probably 
mains the same, but the number possible 
reactions increases and result the cathodes are 
depolarized. Among some the possible 


2e + 2H* + O.———> H.0. H20 + 0 


The potential the cathodes increases and the over. 
all potential becomes slightly less negative, although 


the corrosion rate increases markedly. The oxygen 


also reacts with the Fe** that the corrosion 
uct longer ferrous hydroxide but hydrated 
ferric oxide. This often leads cor- 
rosion product the anodes, thus increasing the 
resistance the anodes and may account for part 
the increase potential. 


The addition salts the solution may havea 


number effects. They will decrease the 
the solution (Rs) and may also change the 
ance films precipitates the metal. This 


change resistances will affect the potential meas- 


urement well the current and polarization. The 
addition salt such sodium chloride will 
reduce the resistance the anodic areas and 


the potential slightly while increasing the rate cor- 
rosion. However, the presence large amounts 


sodium chloride, the corrosion rate begins 


crease, due decrease the solubility 

the anion the added salt forms insoluble 
salt with the corroding metal ion, precipitate 
form over the anodic areas and the resistance 
will increase. This will tend raise the 


potential and decrease the rate corrosion with 
ability 


time. the presence oxygen, with its 
form oxide the metal direct reaction, the cor 
rosion reaction may stifled the combined 
the spreading oxide film and precipitate 


the added ion oxidizing agent with respect 


same manner oxygen, and conditions are right 
will also lead passive potential and the 


corrosion. both the latter two cases the 
potential due the high resistance the 


pores this oxide film. This will lead 
stopping corrosion and passive potential. 
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over- 
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cor- 
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have 
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oxide film combined with the slowness the 


The reaction which leads low current den- 
on, 


The passive potential then the potential 


cathodic reaction polarized very low cur- 
density. 


lower 
cor- 


the specific resistance the solution, 


possible calculate the potential which could 
the solution. This shown Table 
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0 20 
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O.1M NasPO, + 10 PPM KCL 
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TIME (HOURS) 


Figure addition KCI “passive” potential. 


ELECTRODE POTENTIAL (VOLTS) 


TIME (HOURS) 


Figure 5—Effect original surface condition 
Freshly abraded with 3/0 emery. 
and exposed dry air for hours. Abraded 
with 3/0 emery, dipped 1:1 HCI for 
seconds, washed, dried and exposed dry air 


for hours. 


the cathodes and reduced cathodic polariza- 


Assuming that the specific resistance the pores 


Figure there shown the type graph one 


from this. There also shown the curve 


happens when there appreciable cathodic 
the case for iron. When the 


TABLE 
od Anode Resistance 
i e Pore Radius Total Resistance Potential Measured 
0.000 7.5 x 1071 Between —0.25 and 0 
x10 Between —0.0003 and 0 
Anode Potential (Es). 1.0 
Cathode Potential 0.0 
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anodic areas become small, anodic polarization be- 
comes factor and the potential approaches the ca- 
thodic potential even more rapidly than the resist- 
ance calculation would indicate. This same type 
curve can drawn for the case where the corrosion 
initially controlled anodic polarization. 


implicit all the above argument that, for 
and that the anodic potential will that 
this polarized reaction. Although the reaction 
probably can take place under con- 
ditions impressed current, believed that 
does not take place under conditions natural cor- 
rosion. The direct reaction oxygen with iron 
the oxidation ferrous ion solution will form 
trivalent compound, but the electrode reaction 
all cases natural corrosion most probably 
Fe* 2e. This differs from the views 
and who stated implied that the de- 
polarized cathodic reaction could polarize the anodic 
was possible. Although the measured potential the 
case passivity might indicate that this latter state- 
ment true, considerations resistance would in- 
dicate that the potential the working anode 
considerably smaller than the 
The effect resistance the measurement 
potentials has also been treated and 


The above concepts are useful interpreting time- 
potential data and help explain the actual proc- 
esses which are taking place. is, course, usually 
necessary know other facts concerning the system. 
With iron solutions with above the sur- 
face least partially covered with oxide film 
and the anodic areas are holes holidays this 
oxide film. The cathodic areas are still covered 
the film. When piece iron which has been ex- 
posed air, and has the imperfectly protective 
air-formed oxide film, immersed solution the 
initial potential usually mid-way between the ac- 
tive and passive potentials. The change the poten- 
tial with time depends the state the initial 
oxide film and the constituents the solution’ 
inhibitor present the film repaired, the anodic 
areas decrease size, with consequent increase 
both anodic resistance and polarization, and the po- 
tential becomes passive. Figure there shown 
the potential-time curves for freshly abraded iron 
oxygen-containing 0.1 solution tri-sodium 
One the solutions contained ppm 
potassium chloride and seen that the poten- 
tial this solution not constant nor “noble” 
due the high diffusion rate the chloride ion, 
which will decrease the resistance the anodes and 
hence lower the potential. 


The effect surface treatment iron weakly 
corroding solution, such deaerated 0.1 disodium 
phosphate containing ppm potassium chloride 
shown Figure Here can seen that the 
more perfect the initial oxide film, the longer the 
time required reach active potential. 
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The correspondence between weight-loss-time 
curves and potential-time curves are shown Fig- 
ure can seen that the potential and cor- 
rosion follow each other remarkably well. the 
curve the times reach the passive potential and 
the cessation corrosion are practically the same. 

The effect the potential the availability 
oxygen the metal surface the presence vary- 
ing amounts inhibitor shown Figure 
can seen that high inhibitor concentration there 
very little effect but that low inhibitor concen- 
tration the effect stirring very marked. There 
time lag between the cessation stirring and the 
drop potential which probably corresponds the 
time required for the anodic areas increase 
size. Stirring also decreases cathodic polarization, 
but the absence inhibitor will not lead 
“passive” potential. 

The effect inhibitor concentration the final 
passive potential shown Figure can 
seen that the potential higher when the inhibitor 
concentration lower. This probably related 
the fact that the film grown the more dilute in- 
hibitor solution has smaller pores (and more per- 
fect) than the film which grown rapidly more 
concentrated inhibitor solutions. This supported 
the observation Mayne and who found 
that the patterns iron obtained with 
chromate solutions were better when the dilute solu- 
tions were used. 


Summary 


The potentials metals aqueous solutions have 
been discussed relation the electrode reactions 
and the geometry and resistances the system. 
has been shown that all cases the measured poten- 
tial mixed polarized potential and that its value 
dependent the distribution the resistances 
the electrolyte path the circuit. The passive po- 
tential close that the only slightly polarized 
cathode potential and due the very high resist- 
ance the pores the protective film. The active 
potential above the anodic potential and very often 
slight increase potential the “passive” direc- 
tion indicates increase corrosion rate. Examples 
the potential iron affected inhibitors, 
chloride ion and surface treatment show that these 
concepts are useful explaining the potential meas- 
urements. 
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3-A—Method field bending pipe with 
side-boom tractor equipped with bending shoe. 


time curves 


Introduction 


INCREASING use high viscosity fuel 
oils steam-electric generating plants has neces- 
the practice heating the oil for transmission 
the source supply and generating plant. 
heated and pumped into the pipe line the 
source and reheated intermediate pumping stations 
the line. The pipe line under consideration was 
and installed for transmission Bunker 
degree API Gravity—175 SSF viscosity 
degrees heated 200 degrees between the 
source supply Santa Springs, California and 
Etiwanda steam-electric generating plant the 
California Edison Company’s plant Eti- 
fabricated from 8-inch, Schedule pipe and 
normal working pressure 600 800 
with three combined heating and pumping sta- 
spaced approximately 13.5 miles including 
station the sending end. The line traverses 
level and hilly terrain varying soils 
sandy loam, decomposed granite and light clay. 
The exterior protective coating applied the 
was some concern because the quality and 
stability underground pipe line coat- 
are put severe test when applied hot-oil 
ipe lines. The stability bituminous material 
generally dependent upon its softening point and 
stability greatly increased using 
softening point material for hot lines, the quality 
lower temperatures encountered during construc- 
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Field Tests Exterior Coatings for Pipe Line 
Conveying Fuel Oil Heated 200 Degrees 


Abstract 


Field experiments were made determine suitable 
exterior protective coating for oil transmission 
pipe line handle oil heated 200 degrees The 
41-mile line was 8-inch Schedule No. pipe oper- 
ated normal working pressure 600 800 psi 
with three combined heating and pumping stations 
spaced approximately 13.5 miles. was designed 
transmit fuel oil from the refineries steam- 
electric generating station. 

test stability, four different coatings were ap- 
plied 20-foot lengths 8-inch pipes connected 
series and buried the soil. Oil heated 200 de- 
grees then was circulated through the pipe for 
approximately two weeks. Provision was made 
apply external pressure 10, and psi the 
use suitable rods and weights three spots 
the coatings. Depressions formed were meas- 
ured carefully throughout the test determine their 
rate and magnitude each coating. Open ditch 
sections approximately feet long for each coating 
were provided permit observation sag which 
might take place any the coatings. After the 
experimental hot oil circulation was completed the 
ditch was opened and the coatings examined for 
distortion and adherence and electrical resistance 
measurements were made the depression points. 

Additional 40-foot pipe lengths with each the 
four different coatings then were subjected cold 
bending standard field equipment total angle 
approximately degrees and minimum radius 
approximately twenty pipe diameters (14 feet 
inches). After each bend, the coatings were exam- 
ined for cracks and given “holiday detector” tests 
supplement visual examination. 

Due its ruggedness and freedom from distortion 
during the test was decided 
thick asphalt mastic coating using 250 degree 
melting point asphalt the hot-oil pipe line ex- 
terior coating. 


tion. Accordingly, was decided make field test 
the stability four different coatings under con- 
ditions simulating those encountered transmitting 
heated oil. addition, the ruggedness the four 
coatings when subjected cold (normal air tempera- 
ture) bending was investigated. 
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Figure 1—Schematic diagram oil circulating equipment, instrumenta- 
tion and sequence test coatings. 


TABLE Designations and General Description 


Av. Total 
Thickness 
Description* Inches 
1 coat filled enamel 235-250° F. S.P. 
1 glass-fiber wrap 
1 coat filled enamel 240-260° F. S.P. 
1 asphalt sat. rag felt wrap 


1 coat 240° F. S.P.A.W.W.A base filled to 
260° S.P. 

1 glass-fiber wrap 

1 coat—same as first enamel 

1 coal-tar sat. asbestos felt wrap 


Type 


Asphalt 0.250 


Wrap 


1 coat enamel (special formula) 
240-260° F. S.P. 

1 glass-fiber wrap 

1 coat—same as first enamel 

1 coal-tar sat. asbestos felt wrap 

1 coat seamless extrusion mastic 
Asphalt 250-265° F. S.P. 12-14% by wt. 
Mineral aggregate 87-85% by wt. 
Asbestos fiber 1% by wt. 


Coal-Tar 
Wrap 


0.500 


Asphalt 
Mastic 


*In all cases pipe was cleaned and appropriate primer applied. 


Preparation Coatings 


Two 40-foot lengths 8-inch Schedule steel 
pipe were coated with each the four exterior pipe 
coatings. After all coatings were applied coating 
plants selected the manufacturers submitting 
specimens coated pipe then was delivered the 
testing site. All enamels were applied hot and the 
wrappings were applied with lap under the 
usual plant conditions. The high melting point enam- 
els required slightly more care application, due 
the higher temperatures involved, than usually 
required the application the lower melting point 
enamels. The designations and general descriptions 
the coatings are shown Table All test speci- 
mens pipe were properly cleaned and primed 
before coatings were applied. 


Setup Test—Hot Oil Circulation 
When the coated pipes were delivered the test- 
ing site one each the 40-foot lengths pipe 
with the different coatings was set aside for the cold 


bending tests. Each the remaining 40-foot lengths 


was cut into two 20-foot lengths, one length each 
coated pipe being retained for examination and chip- 
ping the coating inspect adhesion. The four 
remaining 20-foot lengths, each with its different 


coating, were placed ditch and welded together 


series for the hot oil circulation shown Fig- 
ure Measurements were made outside calipers 
check thickness coatings including outside 


Figure 1-A—General view hot oil circulation test setup. 


wrap, where used and based outside diameter 
inches for the bare pipe. These thickness 


urements are included Table 


Connections were made both ends the 
posite 80-foot section (four 20-foot lengths) 
coated pipe gas-fuel heat exchanger for 
the oil and circulating pump. dial-type 
cating thermometer was mounted each end 


pipe section and recording pyrometer was mounted 
left the pipe section. The coated pipe was placed 
tions—one for each different coating where the 


were left exposed for visual examination and check- 
ing for sagging during the test. These 
exposed about two feet pipe over the entire 


the outgoing end the heated oil stream 


cumference for each type coating. 


simulate concentrated pressures due rocks 
lumps heavy clay, provision was made apply 


apply these pressures fabricated steel 


pipe. Three steel rods weighing 
lengths varying from approximately feet 


feet inches were used apply psi, psi 


and psi loads respectively. Three steel guide 


inches, 23% inches, and inches were mounted 
vertically the steel frame that the lower 


had clearance inch above the coating. The 


rods were provided with pressed-on collars that 


vided concentric guiding and eliminated binding 
the tubes were sprung. The ends rods 
machined flat face and the lower end each 
was turned down inch diameter. Provision 
made the upper end the concentric guide the 
measure the relative distance between the top 


the tubes and the top the rods the test 
ceeded. These measurements were made with 


chinist’s micrometer depth gauge. The frames taken 


depre 


welded the pipe locations where the ditch 
completely backfilled. the lower end the guide 


pipes, where the 14-inch clearance above the 


coating was provided, heavy paper collar 


the movable pressure rod and the pipe the 


placed prevent soil from getting between the end 


start 


this 
mate 
for 


The pipe was laid sandy loam and, order 


perio 


varying concentrated pressures external 


approximately feet long and feet inches high 


was welded its base each the four sections 


tach 


only 
Was 
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ES 


UBE~& 


APPROX. 


FILL TUBE & COATING 
SEALED WITH 
MASKING TAPE 
TO EXCLUDE DIR’ 


= 


COATING REMOVED AND 
FRAME WELDED TO PIPE 


figure 2—Installation penetration rods and supporting framework. 


shows the penetration equipment and the 

method measuring the depth the depressions 


After the pipe was laid, the measuring frames 
and the ditch backfilled except for the four 
the observation holes, circulation the oil was 
Approximately 400 gallons oil was used 
system and required hours raise the tem- 
made apply undue stress the coating rapid 
the oil. The oil was circulated for total 
this time the oil was kept temperatures approxi- 
200 degrees for 116.5 hours, 225 degrees 

for 12.5 hours and between 200 and 225 degrees 
3.0 hours. This totals 132 hours (5.5 days) for the 
period during which the heated oil was circulated. 
remaining 32.5 hours were consumed heating 


cooling the oil. 


Figure 2-B—Excavation pipe penetration equipment showing 
attachment pipe. 

order 
beginning circulation the heated oil and 
high during the period circulation measurements were 
the depressions they developed. The 
micrometer depth gauge shown Fig- 
was used throughout the test. 

open sections the ditch—one for each 
four different coatings, were provided observe 
Measure any sag deformation which might 
ver place the coatings. Open sections the ditch 
ng. The approximately feet long and were excavated 
hat about inches below the base the pipe pro- 
nding vide sufficient space for careful examination the 

each the hot oil circulation period the test was 
sion and the oil and pipe sections were cooled, 
the ditch was opened and each coating was examined 


Figure 2-C—Dismantled penetration equipment showing penetration 
rods. 


top distortion and any apparent loss adherence. The electrical resistance the coating was measured 
test the twelve depression points—three for with General Radio Co. Type 729-A Megohmmeter 
electrical resistance measurements were infinity rating about 100,000 megohms. 
nes determine the condition. the coating. The Each the depressions was filled with normal 
itch areas were nominally diameter sodium chloride solution and allowed soak for one 
guide though the ends the depression rods were The resistivity the coating remaining the 
the 34-inch diameter. This increase diameter points was determined connecting one lead 
due slight movement the pipes during heat- from the megohmmeter the bare pipe and attach- 
the and cooling with resultant slight distortion ing the other lead brass electrode immersed 


the coating the edges the penetration rod areas. 


the salt solution. The actual resistance measurements 
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TEMP (DEG. FAHR.) 
° 


CIRCULATING OIL 


COATING 


100 120 140 160 


PENETRATION 
(1/1000 OF AN INCH) 


Figure 3—Comparison circulating oil temperatures and penetration 
curves for psi loading. 


ACTUAL COATING THICKNESS AT TEST POINTS 
(11000 OF AN INCH) 


10 PSI. SOR S.I. 80 P.S.I. 


Figure 4—Graphic comparison pressure groups coating thicknesses 
before and after penetration tests. 


were translated into ohms per square foot resistance 
the coating remaining the depressions order 
conform the usual designation for the resistance 
pipe line coating. 


Results Test—Hot Oil Circulation 


Results the prolonged circulation heated oil 
and the development the depressions are shown 
Figure for psi loading each the four 
coatings. Only one the three loadings (10, and 
psi) shown for the sake clarity and typical 
the rate depression for the three loadings. 
will noted that there was high rate depression 
taking place the oil was being raised 200 de- 
grees After approximately hours the case 
three the coatings and hours the case the 
fourth, the depressions developed very slowly. When 
the temperature the oil was raised from 200 de- 
grees 225 degrees two the coatings showed 
marked increase the penetration for about one 
and one half hours but general all coatings stabi- 
lized after the high initial penetration rates. 

graphic comparison pressure groups coat- 
ing thicknesses before and after penetration tests 
the four different coatings shown Figure 
can seen that the initial thicknesses the four 
coatings vary considerably, apparently due irregu- 
larities encountered application protective 
coatings. Also some cases the location the 
penetration rods either over between laps the 


outer wrap may account for the variation. 
the thickness the coating remaining decreased 
the loading increased, would expected, but 
the case Coating this progression did not 
because the abnormally thin coating under the 


psi loading. The penetration equipment was installed 
without consideration abnormalities the 
coatings. 
After excavation the pipe the thickness 
coating remaining the penetration points and 
respective electrical resistances the remaining 
coating were measured and are shown Table 
for each the four coatings. The resistivities, 
ohms per square foot, vary considerably and are not 
consistent regards the pressures applicd 
various locations. However the results give 
indication the relative strengths the coatings 
supplied and under the conditions the test. 
bly considerably greater number tests 
During progress the test, coatings the foot 
open sections the ditch were examined for 
distortion, change exterior dimensions. 
with calipers showed that the exterior diameters 
not changed within the limits inch and that 
sagging had taken place these short 
sections. 
After the heated-oil circulating tests were 
pleted and the resistivities measured the locations und 
where the pressures had been applied, the coating 
was removed these spots for examination, 
would expected, thickness the glass-fiber 
inforced enamel coatings became progressively 
the applied pressures became greater. The total mad 
inch and some cases this thickness was 
almost entirely glass fiber and outer felt. 
been shown previously Figure the thickness 
the asphalt mastic coating remaining varied 
The portion each the four pipe sections which 
had been buried the ground and subjected 
sustained temperature was then examined. 
inspection the outer surface and chipping 
portions the coating was resorted means 
determining any distortion sagging had 
oped. Observations can summarized 


Coating A—Asphalt wrap. Slight deformation 
ing soil and clod penetration portions 
bottom not exceeding Ename! does 
chip easily and therefore resistant 
damage. Under the chipped portions, found good 
bond between enamel and pipe, good 


TABLE Penetration Results and Resistivities 


0.072 0.037 0.031 


= 
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frst and second coats enamel, glass fiber thor- 
oughly saturated and good bond between outer 
enamel and felt wrapper. 


Coating B—Coal-tar wrap. Slight sagging and defor- 


mation portions the bottom showing soil and 
penetration not exceeding Enamel 
does not chip easily and therefore resistant 
impact damage. Good bonding throughout except 
spots between enamel and outer felt where 
had developed. 


Coating C—Coal-tar wrap. sagging and very little 


distortion coating. Coating chips easily and 
therefore subject impact damage. Under chipped 
portions found good bond between enamel and 
pipe, poor bond between first and second coats 
ename! and poor saturation glass fiber. Some 
voids noted between outer wrap and enamel. 


Coating D—Asphalt mastic. apparent sagging. 
Slight distortion portions the bottom show- 
ing soil and clod penetration not exceeding 
Difficuit chip off coating which therefore 
impact damage. Good bond pipe 
surface. 


Cold Bending Tests 
Aseries cold bending tests were made deter- 
mine the behavior the four different pipe coatings 
field bending conditions atmospheric tem- 


peratures. The four 40-foot pipe lengths previously 
aside for bending tests were then subjected 


bending side-boom tractor equipped with 
long, straight-type bending shoe. Bends were 


degrees, during that part the day when the air 
temperature was between and degrees and 
supplemental heat was used. The in- 
bending approximated bending radius 
pipe diameters which was considered mini- 


radius for field bends. All bends were checked, 
both visual examination and holiday detector 
Results are shown Table III. will noted 


that 2-degree bending increments, all but one coat- 
bent without damage while degrees only 


coating bent successfully. the basis these 
apparent that field bending, three out 


the four cases, did not damage the coating when 
bending increment was not excess degrees 


FIELD TESTS COATINGS FOR PIPE LINE 


381 


TABLE Cold* Bending Against Straight Shoe 


Bending Results by 
Increments 
Coat- - 
: | Single heavy crack—partial loss of bond 
A ND ND ne] 6D to pipe—reparable by removing small 
| section of coating and patching. 
to coating—no ‘Tepairs required. 
} Multiple heavy cracks—partial loss of 
Cc D D D D | _ bond to pipe—reparable only by re- 
wrappirg bend section. 
Multiple hairline cracks—bond to pipe 
D ND D D D intact—reparable by heating and 
| troweling. 


D—Damaged. ND—Not damaged. 


* All bends were made during ambient temperature range of 70°-80° Fahr., 
and without supplemental heat. 


Coating supplemental heating apparently would 
required for field bending. 


Conclusions 


Upon completion the described tests, results 
were evaluated and the decision made recommend 
the use Coating asphalt mastic coating. 

Factors influencing this choice were: clearly 
superior performance under penetration tests with 
high resulting resistivities; satisfactory bending 
properties particularly degree increments 
less ease repair bending damage incurred and 
high resistance impact damage temperatures 
prevailing during the test period. way compari- 
son, coating ranking second penetration results 
and resistivities, shows poor bending properties and 
low resistance impact damage. Coatings and 
while showing excellent bending properties and 
high resistance impact damage, were the least 
satisfactory the four coatings from the standpoint 
penetration results and resistivities. Had time per- 
mitted, duplication the penetration tests would 
have resulted more accurate average results but 
was felt all concerned that results obtained ful- 
filled the requirements and were indicative results 
that would obtained multiplicity tests. 

Authors express their thanks manufacturers and 
the applicators the coatings tested. Their coopera- 
tion and advice planning the tests and the use 
their yard facilities are greatly appreciated. 
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Magnetic Amplifier Controls for Rectifier Pro- 
tecting Underground Metallic Structures 
Cathodically. Oliver Henderson. Corrosion, 
Vol. No. 216-220 (1953) July. 


Discussion Sheard, Seaford, Y.: 


the abstract and several places this paper the 
terminology “forced drainage” used. While such 
terminology may acceptable for some desig- 
nating one method protecting structures exposed 
electrolysis, definite departure from sound 
engineering language. The use rectifier under- 
ground structures (in the method described) exposed 
electrolysis merely changes the net resultant cur- 
rent flow and causes the structure receive current 
instead discharge it. other words, picking 
more rectifier current than discharging stray 
current. This application the Superposition 
Theorem,* and sense “forced drainage,” 
even drainage. realize that this term, “forced drain- 
has been used many consulting engineers 
the past. However, should abandoned, for with- 
out good usage engineering terms, misunderstand- 
ing readers will doubtless result and consequently 
retard advancement sound thinking the applica- 
tion cathodic protection. 


Superposition Theorem.—In any network 
erators and linear resistances, the current flowing any 
point, due the simultaneous action number sources 
emf distributed throughout the circuit, equal the 
sum the currents this point which would exist each 
source were considered separately, all other generators be- 
ing replaced the time their internal resistances. 


Reply Oliver Henderson: 


Mr. Sheard’s point well taken and technically 
correct. telephone engineering have many 
terminologies which may peculiar the industry. 
For example, our Bell System Practices, 
drainage” recommended for use negative 
bus available and current forced from the cable 
sheath specially constructed current carrying 
ground.” noted also that “forced drainage” 
described page 936 Dr. Uhlig’s Corrosion 
Handbook. 


Corrosion Aqueous Solutions Elevated 
Temperatures and Pressures. Beck and 
Fontana. CORROSION, Vol. No. 
287-293 (1953) Aug. 


Discussion William Ashbaugh, Galveston, 
Texas: 


The authors are complimented the presenta- 
tion this interesting data corrosion elevated 


temperatures and pressures. they have indicated 


obtained lower conditions temperature 
pressure. 
When working with solutions high 
and pressures, the role the pressuring gas often 
quite important and may strongly influence the effect 
the medium. should like ask the order imp 
magnitude the pressures obtained the various 
temperatures and whether these were the equilibrium 
pressures the media were artificially induced 
from external source? 
have noted that the effect dissolved 
not only extremely important but that 
removal from certain media not simple 
might think. Specifically, the sparging inert 
gas such nitrogen does not insure anaerobic con- 
ditions within the solution. Have the authors 
tests air-free compared with air-saturated 
tions? not, this the agenda? 
cher 
Reply Beck: extr 
With regard the discussion Mr. 
the authors would again like emphasize the danger 
extrapolating corrosion data obtained low 
peratures and pressures applications 
temperatures and pressures. Rep 
The pressures used for these tests were 
cases the equilibrium pressures the media the 
indicated test temperatures. some instances 
ternal pressures from 100 700 psig were applied 
for the nitric tests. The results are discussed page 
290 the paper. There was appreciable 
when the oxygen pressure was varied the 
indicated above. believe that pressure 
has little effect when compared the effect 
perature. 
such tests the present program. 
Question Wm. Baker, Standard Oil Co. 
Ohio, Cleveland: 
Did you find evidence erratic corrosion rates 
acid? This has been problem commercial 
using copper pyrophosphate catalyst. 
omn 
The authors believe that the inhibiting effect hese 
copper phosphoric acid results from 
copper ion which acts anodic inhibitor. such 
the case might well expected that 
behavior and pitting would encountered 


cient inhibitor were present. The 


the acid, concentration the copper and 


4 
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would factors. There were indica- 
pitting observed our tests, but this may 
because relatively short exposure times were used. 


Questions Werner Tundermann, Colgate- 
Palmolive-Peet Co., Jersey City, J.: 


Were any other metallic salts tried inhibitors for 
the phosphoric acid tests cast stainless steels? 

you believe that the effectiveness PO, 
inhibitor for the above test study was due the 
characteristics the copper ion? 


data 


effect oxidizing characteristics the copper ion are 
important its behavior and undoubtedly play 
Various important part the mechanism inhibition. 
attempt was made try other metallic salts 


induced inhibitors for the phosphoric acid tests. 


oxygen 
that its 
one 
bic 
run 
one our operations have some indications 
aqueous ammonia solution into which other 
are introduced has the property being 
corrosive through temperature range 
shbaugh well above the boiling point the solution. tem- 
danger peratures above below this critical range corrosion 


Discussion John Weis, Pasadena, Texas: 


making tests, were there any indications that the 
corrosion rates decreased temperatures were in- 
ceased well above the boiling point the aqueous 
solutions 


The authors have not observed any examples 
their work such encountered Mr. 


the 


temperatures and below the boiling point 
applied have noted some trends this kind. 
change 


Discussion Robert Hausman, General Electric 
Nuclear Propulsion Project, Cincinnati, 
Ohio: 

hio: 

the authors intend make tests obtain data 
for the corrosion affects caused the heavy metal 
orporate and boric acid solutions the various metals 
4 used ? 
questions directed the authors Paper 
were prompted the fact that corrosion and 
literature contains very little information 

rates the action the semi-heavy and heavy metal 

(iodine and bromine) the metals discussed 

units paper. one considers the semi-heavy metals 

starting with element 38, then large group 

important halide compounds must 

into account corrosion-wise. The majority 


fabricated the metals listed the paper 
such the range and extent the corresponding corrosion 
erratic were known. 

finds, also very little information the litera- 
ration the action boric acid solutions the 


and very high alloy materials. particular 
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data are lacking corrosion rate vs. temperatures 
and including the solution boiling point. 


not intend obtain corrosion data semi- 
heavy and heavy metal halides the present pro- 
gram. However, these corrosives may considered 
the future. 


Corrosion Casing Oil and Gas Wells. 
Jack Battle. CORROSION, Vol. No. 
313-320 (1953) Sept. 


Discussion Jack Barrett, Stanolind Oil Gas 
Co., Tulsa, 


Results 8-10 months’ laboratory tests simu- 
lated well annulus the isolated, scattered deep pitting 
observed the field was obtained the absences 
mill scale and O,. Atmosphere was prepurified 
oxygen free nitrogen W/300 ppm H.S. Total pres- 
sure system was psig. 

section 3-inch pipe with arrangement 
for condensing moisture the top and heating water 
the bottom was used test cell. The inside 
the pipe was cleaned mill scale and foreign ma- 
terial prior test. 

Approximately 500 water was introduced into 
the cell and freed air sweeping with air-free 
nitrogen, After deaeration mixture air-free nitro- 
gen containing 400 ppm hydrogen sulfide was 
bubbled through the water until the cell was pres- 
surized psig. This gas was changed daily except 
weekends throughout the test. 

the end nine months’ exposure, the cell was 
disassembled and cut longitudinally allow close 
inspection all interior surfaces. 

Inspection revealed that general isolated pitting 
had developed. Pits were deep, irregular and the 
jagged nature found casing recovered from sour 
wells West Texas. 

was concluded that the interior casing corrosion 
noted sour wells could occur the absence CO, 
and high pressures. Further was shown that ir- 
regular jagged pitting can occur 
system where present. 


Some Notes the Oxidation-Resistance 
Boron-Containing 
lron Alloys. Binder and Weisert. 
Vol. No. 329-332 (1953) 
ept. 


Question Skinner, The International Nickel 
Co., Inc., New York, Y.: 


the iron-base alloys containing boron, were there 
any indications that the oxide formed may have been 
molten the testing temperature 2012 degrees 
would suggest the formation low melting 
eutectic between boron-iron 


The method used identify the various scales was 
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not sufficiently sensitive detect the small amounts 
boron-bearing constituents. The glassy appearance 
some the oxides formed alloys containing 
considerable amounts boron, suggests the possi- 
bility partially molten state the 2012 degree 
testing temperature. The glassy appearance, how- 
ever, was not correlated the major elements 
these complex alloys. 


Question Scheil, Smith Corp., Mil- 
waukee, Wis.: 


How boron used stainless steels, what extent 
used and what properties are enhanced its 
addition? 


has been utilized together with special heat- 
treatments produce precipitation hardening the 
matrix 18-8 Very small additions boron, 
particularly conjunction with titanium, have been 
employed increase the high-temperature properties 
percent chromium and 18-8 However, 
the latter developments have not been commercial- 
ized. The effect small additions boron the 
high-temperature properties austenitic chromium- 
nickel and chromium-nickel-cobalt alloys, containing 
molybdenum, tungsten, titanium and columbian has 
been extensively investigated the Metals Research 
Laboratories the Union Carbide and Carbon Cor- 
poration. This work led the development Haynes 
No. alloy containing, nominally chromium, 
15% nickel, 2.25% molybdenum, 0.5% titanium, 0.5% 
tungsten, 0.01 0.1% boron, 0.08% carbon and the 
balance iron, which currently being investigated 
for use jet motors rotor and bolting material. 
The alloy exhibits optimum strength the hot 
cold-worked condition. Its service temperature 
limited about 1500 degrees 


Bennek and Schafmeister. Archw. fur das 
615 (1931-32). 
Comstock. Metal Progress, 56, (1949). 


Cable System Design for Cathodic Protection 
Rectifiers. Ray Wainwright, COR- 
ROSION, Vol. No. 325-328 (1953) Sept. 


Question William Dudley, Lake Jackson, Texas: 


your figures include any labor costs? 


Remarks Ewing, Carter Oil Company, Tulsa, 
Okla. 


the discussion this paper someone said 
thought resistance the ground bed, its distance 
from the line, the voltage the rectifier and perhaps 
other factors entered into the determination the 
proper size wire use. remark was answer 
this question. 

The answer that the economical size wire de- 
pends only power and copper (or aluminum) 
costs. This essential point the author’s paper 
which think correct. 


Reply Ray Wainwright: 


Dr. Ewing’s reply Mr. Dudley’s question quite 
correct. Labor costs would enter into selection 
the optimum cable size only if, say, the labor in- 
stalling the cable varied materially with the cross- 
section. While such cost variations might possible 
with extreme changes cross-section, the size 
not affected most practical situations. 


the selection the optimum size the 
the cable also immaterial. For example, might 
set the following relation for the uni- 
form annual cost neoprene-covered cable 


(1953 


9. 2 


Here, the total cost dollars per year annual basis 
the cable current amperes 
the power cost cents per kwhr. 
the rectifier efficiency percent 
the length the cable feet 
the area the cable circular mils 
the base cost copper dollars per pound 


the above expression differentiated and set equal 


zero, expression for may derived fol 


lows: 


P 


circular 


This the optimum cable size, and the length has 
disappeared from the expression the differentiation 


process. 


Other relationships may worked out for 
cable; however, this method does not show 
the flatness the total amount cost curve does the 
tabular method given the article. 
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Line Pipe 


HANS SCHMOLDT* 


OFTEN during the course 
his work would interesting 
for the engineer the field 
able identify specific kinds 
pipe their method manufacture. 
While would require complete lab- 
oratory eXamination iden- 
report points out the characteristics 
the various kinds line pipe, that 
they may readily identified visual 
other identification has been lost. 
more complete study pipe identifica- 
tion should include understanding 
the various steps mill fabrication and 
the field. This discussion 
not concerned with qualities deficien- 
various kinds pipe, nor their 
proper selection for field plant use. 
Line pipe generally can classified 
into five groups related method 
manufacture. While mills 
the ultimate uniformity and 
under given specification, some 
processes manufacture are more effi- 


than others and each kind pipe 


has its proper field applica- 
The five common pipe fabricating 
produce pipe which can 
follows: Seamless, electric 
welded, electric fusion welded, 
welded and butt welded. general, 
said that while all imperfec- 
lions are not injurious, pipe 
most easily through defects 
during fabrication. 


Seamless, class name implies, has 
welded seam, but produced 


and heated billet over 


stationary piercing mandrel. this 
tube uniform wall thick- 
roundness and surface finish. How- 


fections produced into the pipe 
during rication serve positively 
seamless pipe. Longitudinal spiral- 
Interna! mandrel scores varying de- 


* Huddleston 


Bartlesville, 
Kla, 


Engineering Co., 


Electric Fusion Welded 


Butt Welded Pipe (Furnace) 


grees depth and quantity are found. 
Another defect appears spiraling folds, 
called “seams,” which can found 
either surface for any length along joint 
pipe. third characteristic seamless 
pipe may nonuniform 
which results when the inside diameter 
not concentric with the outside diameter. 
The thick portion the wall will always 
diametrically opposite the thin portion. 
Identifying characteristics 
Absence welded seam. 
Longitudinal spiraling internal mandrel 
scores. 
Spiraling internal external 
(seams). 


folds 


Electric Resistance Welded Pipe cold 
formed from long lengths hot rolled 
sheet, called skelp and then welded 
under pressure heat from electric 
resistance without the addition filler 
metal. Two types come under this class- 
ification, each having its own character- 
istics. One type resistance welded 
pipe currently made one mill 
formed into tube progressive press- 
ing operations and welded instantane- 


Electric Resistance Welded Pipe (Continuous) 


Lap Weided Pipe 


Butt Welded Pipe (Continuous) 


ously flash welding process. The 
principal identifying characteristic 
this product the resulting upset 
weld. After welding, the flash ma- 
chined, leaving keyed upset 
both internal and external surfaces. 
Identifying characteristics: 


Uniform wall thickness. 

Smooth internal and sur- 

faces. 


The second type resistance welded 
pipe formed series forming 
rolls and electric resistance welded under 
stationary rolling electrodes the pipe 
moves down the mill. The weld flash 
thus produced completely trimmed off 
both surfaces while still hot 
attempt produce contoured surfaces 
flush with the contour the pipe wall. 
Several irregularities are found 
the weld zone distinguish this type 
manufacture. When new, the weld zone 
shows metallic blue 


(Continued Page 


a 
4 


Visual Identification— 


(Continued from Page 


color where has been heated. worn 
electrode can cause path slight 
feathered electrode burns the metal 
along both sides the weld. Also, 
the internal flash trimmer can not 
controlled easily the external 
trimmer and may leave either slight 
upset band the weld, gouge 
shallow undercut the internal surface 
the weld. 


Identifying characteristics: 


Uniform wall thickness. 
2.Smooth internal and external sur- 


faces. 


ternal weld surface. 


Electrode feather burns along ex- 
ternal weld zone. 


Electric Fusion Welded Pipe. While 
there are several types this classifica- 
tion, all are electric welded with the 
addition filler metal. The weld can 
made manually, the practice small 
shops, can made continuously 
with automatic equipment. The tube 
may formed with longitudinal weld 
seam, may formed spirally. All 
types exhibit the typical weld bead 
filler metal. 


Identifying characteristics: 
Uniform wall thickness. 


internal and external sur- 
faces. 


Prominent fusion weld 


ARMED 
PROTECTION 


Armed Intermediate Grade 
Enamel metal surfaces are protected from 
corrosion where excessive stresses and 
temperatures are not forecasted. 

Armed with vast knowledge the secrets 


coal tar 


properties, accumulated through more 


than fifty years practical operations and re- 
search, Reilly has for other conditions other 
grades Hot Application Coal Tar Base Enamels 


Plasticized, 230 (AWWA), Pipeline. 


Write for the 24-page booklet 
Reilly Protective Coatings. shall 
glad help you with your particular 
needs. 


Photo: Lake Shore Pipe Line courtesy of 
the Lake Shore Ashtabula, 


Lap Welded Pipe made heating the 
entire skelp and then forcing over 
mandrel with pair rolls with 
herringbone knurled pattern. The pres- 
sure the welding rolls completes 
weld and also impresses most 
tive herringbone knurled 
the external surfaces the pipe. 
tudinal scratches caused the mandrel 
and the lapped edge the weld often 
line, especially after period use under 
corrosive attack. 

Identifying characteristics 


knurled pattern. 


Internal longitudinal scratches. 
Lapweld sometimes visible irregular 


Butt Welded Pipe has been made 
sizes not exceeding inches 
two different processes, looscly called 
“furnace welded” and 
welded.” furnace welded pipe, skelp 
with square cut slightly edges 
furnace and then drawn funnel 
shaped die through rolls int 
tubular form with sufficient pres- 
sure make welded seam. 
welded pipe the product more 
modern method butt that 
the skelp drawn through furnace 
from endless coils, the end one 
being machine flash welded the lead- 
ing end new coil. The pipes pro- 
duced both methods are difficult 
distinguish one from the and 
either can confused easily with sean- 
less unless carefully inspected. Charac- 
teristic defects are few ver 
pronounced when they occur. 
types are smooth internally and 
ternally with occasional external 
tudinal scratches feathered 
adjacent the weld. The straight 
usually can seen down the length 
the pipe either surface varying fron 
inent V-shaped notch. 
Identifying characteristics: 


faces. 

adjacent external weld. 

Visible straight line weld 
externally. 


Activated Bauxite Used 
Adsorption Bed 


Activated granular bauxite was 
move vaporized diethylene 
monoethanolamine from natural gas. 
two chemicals, added the gas 
bine with and remove water 
which caused corrosion and clogging 
pipes, themselves vaporized small 
ume into the gas. They then 
the pipeline and caused 

The corrosion problem was 
fully solved group under 
the Denver Research 


neering. This work was repo ted 

institute’s quarterly periodica 


bers. 


NACE now has more than 4100 


q re 
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over 
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Montreal, Portland, Ore. Sections Are Approved 


Petitions for recognition local sec- 
tions NACE have been approved for 


the Montreal Section and the Portland 


Philadelphia Section, 


ASTM Meetin Held NACE MEETINGS Section. 
CALENDAR Burbidge, Aluminium Company 
gula ‘ on 
Section NACE was Canada, Ltd., Montreal has been ap- 
joint meeting with pointed acting chairman newly 
made District, American So- formed Montreal Section. This 
ciety for Testing Materials Septem- fourth local section organized 
called ber Philadelphia. This was the first the Canadian Regional Division. 
pe, skelp Corrosion Metallurgist, 7—Southern New England Portland, Oregon, has been ap- 
led edges Brass Co., was the speaker pointed acting chairman the Portland 
‘ure the portion the meet- Regional Meetings Section. The new Portland Section 
ing and copper alloys. Mr. Oct. the fifth local section organized 
rolls into Bulow copper and copper 7—Northeast Region, New Haven, the Western Regional Division. Mr. 
pres- alloys from the standpoint corrosion Conn. Hotel Taft. Haney formerly was officer the 
physical and mechanical prop- Central Region, Francisco Bay Area Section. 
that emphasis being placed the corrosion 
ifficult t in inhibitors, cleanliness, etc., were 19-20—Western Region, Biltmore Hotel, - a 
ther and shown Los Angeles. Morton, International Nickel 
not ver) Technical Practices Committee Dollar Savings tember 21, Mr. 
cur. No. member ACS, Electro- was “Some Moot Corrosion Problems. 
Chemical Society, APT and Institute program was arranged encour- 
nal Oil Well Casing Damage age full audience participation. Mem- 
panel discussion moderated Bob bers the section were sent list 
aight well Pierce scheduled for the October Reported Teche Section prior 


have been made Stanolind Oil Morton outlined some 
Co. result applying cathodic pro- them, and then, the chairman 

members Teche Section NACE expected those planning the 
Pending Short Courses dinner meeting September The meet- that large volume informa- 
ing was held Lafayette with mem- would developed help those 

Corrosion Are Listed bers and guests present. Mr. Barrett, attendance. 
internall Short courses corrosion, being the Tulsa section, spoke 
with the cooperation NACE Oil Well Casing Corrosion. 


have been announced follows: Three types corrosion oil well Short Course Delayed 


general chemical plant corrosion. Names 
panel members will revealed later. 


scratches 


October 12-16, University Illinois, casings were covered, namely, electro- 
Full program reported Cor- galvanic Early in- Shreveport Section’s annual corrosion 
July, Page 13. vestigators, Mr. Barrett said, were ham- course has been postponed and 
Annual corrosion course. corrosion problems because they lacked part October first part 
was 16-19, University Cali- tools and instruments. Now, however, November 
bed to ft q lornia at Los Angeles, Full program is possible to detect corrosion at depths ; 
as to coll i homa, Norman. Seminar on corrosion. he reported. In one 9-well field, cathodic 4 
and 8-9, 1954, University Cali- stopped corrosion 
Jogging Berkeley, Conference Marine gave fair indication retarding 


small three and had effect one the 
1954, Washington said. Mr. Barrett illustrated 
Pullman. his talk with slides and showed measur- 
24-26, 1954, University Wis- ing instruments, potential curves and 


Madison. test samples. question and an- 
swer period was held. 
Tentati New TP-15C Chairman Joe Duesterberg, left, technical speaker for the 
may obtained from Houston Section’s August meeting shown 
Houston Robert Byrne, Association Ameri- William Wood, Jr., Section program 
Railroads, Chicago has been Mr. Duesterberg, Plastic Applica- 
chairman NAC Practices Inc., Houston, spoke Baked Phenolic 
$100 ACE has more than 4100 mem- Subcommittee 15-C Corrosion Con- Rubber Linings Corrosive Service. There 


bers, 


trol Railroad Hopper Cars. were members and guests dinner. 


CORROSION 


Cleveland Section Elects 
Palmquist Chairman 


Officers for the 1953-54 year have 
been named for the Cleveland Section. 
Elected were: Chairman William 
Palmquist, National Carbon Company; 
Vice Chairman Thomas Howald, 
Chase Brass and Copper Co.; Secretary- 
Treasurer Miss Jane Rigo, American 
Steel Wire Co.; Program Chairman 
Harry Hosford, Jr., Harco Corpora- 
tion, all Cleveland. 


Information NACE’s Corrosion 
Abstract Card Service may obtained 
writing Central Office, 1061 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


San Francisco Section 


Manufacture, applications and reasons 
for tubing failure were discussed 
John Rutherford, chief metallurgist 
Babcock Wilcox Tubular Products 
Div., Beaver Falls, Pa. before mem- 
bers and guests San Francisco Bay 
Area Section. The dinner meeting was 
held September 

Mr. Rutherford conducted his listeners 
through imaginary tube mill, and 
among other things gave detailed in- 
structions the proper approach the 
inspection tubes service. His talk 
was received enthusiasm and de- 
spite the late hour informal question 
and answer period continued well over 
hour after his talk ended. 


specialist LEAD PRODUCTS 
really better supplier for YOU? 


There theory that man who specializes mousetraps 


will build better mousetraps than one who makes merely wood metal 
products. This the narrow view the self-conscious specialist. 


Others say, “Specialists are those who know more and more about 


less and less,” which invites the conclusion that the greatest 
specialist all must who knows everything about nothing. 


Federated believes that the hundreds products non-ferrous origin 


have basic family resemblance, and that the more know 


about all, the more know about each. Thus lead found with silver 


and antimony, and copper and tin are found with iron. These 


various elements and others must separated and refined, 


some cases, discarded. Then, re-combined different ways. 


sometimes alone, sometimes with other non-ferrous ingredients, they 
make brass, bronze and aluminum solders and 


type metals; die casting alloys, lead products and bearing metals; 


anodes for plating and for cathodic protection. 


Federated’s competent organization scientists and technicians, 


and its widespread field force servicemen, are unified 
under the central policy producing quality products and making 
these products most useful every Federated customer 
from the one-man shop the largest plant the country. 


count advantage our customers that Federated’s 
organization big enough specialize quality control and 
service from the depths the mine the user’s shop. 
one the reasons that Federated known 
“Headquarters for Non-ferrous Metals.” 


AMERICAN SMELTING AND REFINING COMPANY 
120 BROADWAY, NEW YORK 


Canada: Federated Metals Canada, Ltd., Toronto, Montreal 


Aluminum and Magnesium, Babbitts, Brasses and Bronzes, Anodes, 
Die Casting Metals, Lead and Lead Products, Solders, Type Metals 


Interim Canadian 
Officers Confirmed 


recent election the 
Regional Division NACE elected fo; 
region appointed the NACE 
tive Committee when the region was 
formed. Elected for terms expire 
December 31, 1954 were: Chairman 
Russell, Trans Mountain Oil Pipe Line 
Co., Vancouver, C.; Vice 
couver, C.; Secretary-Treasurer 
McPherson, Imperial Oil 
gary, Alberta; 
Croft, Koppers Ltd, 
Toronto, Ont. serve the board 


nadian Regional Division Lay. 
International Nickel Co. Canada, 
Toronto, Ontario. 


Shackelford 


Shackelford, 47, general man- 
died Tulsa hospital August 
paralytic stroke the previous night, 
Mr. Shackelford was active 
the National Association 
Engineers and was affiliated with 
pipeline business all his life. 
had been with Perrault Com- 
pany managerial capacity for eight 

native Joplin, Mo., attended 
the University Oklahoma. lived 
Tulsa since 1930. 

survived his widow and one 
son, both Country Heights, 
Tulsa; his mother, and two brothers, all 
the latter Muskogee. 


Whitney Talks N.Y. 


Case Histories Illustrating 
santo Chemical Co., St. 
Metropolitan New York Section Sep- 
tember 23. Mr. Whitney’s talk was 
pertain coatings. 


Maitland Talks 
Cables Buffalo 


Maitland, American Telephone 
and Telegraph Co., New York City 
dressed Western New York 
dinner meeting Buffalo October 
Sheathed Cables Non-Stray Current 
Areas. Also heard were “Coated 
Co., and “Corrosion Control 
Tower Footings,” Lloyd 
Niagara-Mohawk Power Co. 

fellowship hour preceded the 
ing. 

Next Western New York 
meeting will held jointly 
November 12. 


are accepted without 
view NACE. Authors are 
manuscripts copy the 
“Guide for the Preparation 

tation Papers,” sent free. 
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Permian Basin Tour 
Schedule Given 


The following schedule was prepared 


the Permian Basin Section’s cor- 
tour: 


Wednesday, September 


Registration, 7-8 am. 


Welcoming Address: Tom Newell, Car- 


dinal Chemical, Inc., Odessa, 8-8:10 
am. 


Lamar Sudduth, Stanolind, 


Midland, 8:10-8:20 am. 


Load Buses, 8:20-8:30 am. 
8:30-6 pm. 


Sessions, 8-9:30 pm. Chairman: 
Watts, Humble Pipe Line, Mid- 
Speaker: Phillips, Humble 
Pipe Line, Houston. Report Group 
Leaders 

Thursday, October 


pm. 


Sessions, 8-9:30 pm. Chairman: 
John The Western Company, 
Midland. Speaker (to determined). 
Report Group Leaders. 

Friday, October 

Load 8-8:10 am. 


8-12 


Barbeque, pm. 


Committee Meeting, pm. 
FIELDS: Itan East Howard, Gold 
Smith, North Cowden, South Ward, 
Means, Midland Farms, 
McElroy, Penwell, Jordan, Sand 
Hills, Crossett, Howard 
Cosden Refinery, 
Spring, 


Big 


British Corrosion Group 
Meetings 


Ten meetings, exhibition and 
works visit were held the Corrosion 
Group, Society Chemical Industry, 
the year 195 The group, 
which has completed its second year, 
now has nearly 300 members from 
Hudson the Society 
Chemical Industry Corrosion Group 
the group. 

Six the ten meetings were held 


London, covering such subjects elec- 
behavior metals, caustic 


steam boilers (at Institution 
Mechanical Engineers. Proceedings 
published for general sale), tin- 
alloy coatings, filiform corrosion, 
corrosion aluminum and others. Meet- 

were held outside London 


Nottingham, Newcastle and 


Manchester. 
The committee, which has been en- 


education corrosion, re- 


also two courses were given and 

some success has met efforts 

The Annual Reports Progress 
Applied Chemistry will contain 
feature separate section cor- 

The committee also touch with 
pur 

and Canadian Inter Society Cor- 


Committee and with the French 
Anti-Corrosion Engi- 
meeting Paris with So- 
chemie Industrielle under dis- 


NACE NEWS 


October Closing Date 
For 1953 Fulbright Awards 


October closing date for receipt 
applications for any the Fulbright 
Award programs for university lectur- 
ing and advanced research Europe 
and the Near East, Japan and Pakistan. 
Application forms may obtained 
from Conference Board Associated 
Research Councils, Committee Inter- 
national Exchange Persons, 2101 
Constitution Ave., W., Washington 

Awards are available 
Foreign trade, English and American 
literature, Economics, International Re- 
lations and Political Science, Political 
Science, Sociology, International Rela- 
tions and American History, Adminis- 


You don’t need special- 
ist recognize Corrosion. 
But you need one 
treat successfully. The 
skill required achieve 
complete corrosion con- 
trol comes only from the 
knowledge and experience 
gained through years 
practical application. 


trative Procedure, Education, Educa- 
tional Philosophy, Music, Biology, 
Physics, Epidemiology, Surgical Anaes- 
thesia, American Literature and Eng- 
lish Language, Dentistry, Home Eco- 
nomics. Ten awards are available 
preferred fields given but applications 
will accepted any field. 


Talk London 


Lewis, vice-president Shell 
Pipe Line Corp., Houston, scheduled 
address the Corrosion Group the 
Society Chemical Industry November 
London, England, The title his 
talk will “Economic Aspects Un- 
derground Corrosion Control.” The cor- 
rosion group holding symposium 
cathodic protection that date. 


Recognition that fact one reason more and more people are turning 
E.R.P. for assistance corrosion problems one reason that thousands 
buried submerged steel structures all types have been completely protected 
against corrosion E.R.P. engineers. Corrosion specialists for over years, 
these men are highly trained and well equipped help you with your corrosion 
problem. Write for full information today. 


ELECTRO RUST-PROOFING CORP. J.) 


JERSEY 
REPRESENTED PRINCIPAL CITIES THE UNITED STATES 


BELLEVILLE NEW 


MAINTENANCE 
INSTALLATION 


EQUIPMENT 


y 


Twelve Technical Committees Meet Tulsa 


addition five symposia and 
round table discussion, twelve meetings 
Technical Practices Committees and 
subcommittees have been scheduled for 
the NACE South Central Region 1953 
meeting Tulsa October 7-9 inclusive. 
The symposia will include five technical 
papers oil and gas production cor- 
rosion problems; seven papers pipe- 
line corrosion problems; three papers 
processing plant corrosion, oil and 
gas transportation general round table 
discussion will held. 

All sessions will held Mayo 
Hotel, Tulsa. Registration will open 
a.m. October 

Nontechnical events scheduled are: 
Fellowship Hour, p.m., October 
Buffet supper and variety show, 6:30 
p.m., October Business luncheon, 
noon, October 

Technical motion pictures will 
shown Wednesday morning, Thursday 
morning and afternoon and Friday 
morning. 


ADVANCE PROGRAM 
Technical Practices Committee Meetings 


Tuesday Afternoon, October 
Field Structural Plastics, 
1:30-3 
TP-1K Evaluation Inhibitors for 
Use Oil and Gas Wells, 


Wednesday, October 

TP-1 Corrosion Oil and Gas Well 
Equipment, am-12 noon, and 
pm-4 

Protective Coatings for Re- 
sistance Atmospheric Corrosion, 
9am 

Internal Sour Crude Corro- 
sion Pipe Lines and Tanks, 

TP-8A Corrosion Gulf Coast 
Cooling Waters, 

Holiday Inspec- 


USED IN: 


GLASS LINE 


Pre-Heaters 


Reactor Tubes 


Thursday Afternoon, October 
TP-17 Coating Conductance Meas- 
urement, 2-4 
TP-1H Corrosion Oil String Cas- 
ing, 2-4 
TP-1D Sour Oil Well Corrosion, 2-4 
Sulfide Stress Corrosion, 3:30 


Friday Afternoon, October 
TP-6E Protective Coatings Petro- 
leum Production, 1-2:30 


Technical Program 


Thursday Forenoon, October 

Oil and Gas Production Symposium— 
Ist Session. Bilhartz, chair- 
man; Morris Bock, co-chairman. 

9-9:40—Evaluation Inhibitors for 
Gas Lift Wells—D. Shock and 
Sudbury, Continental Oil Com- 
pany, Ponca City, Oklahoma 

9:40-10:20—Evaluation Ammonia 
for Control Hydrogen Sulfide 
Vapor Zone 
Broyles and Sommer, Carter 
Oil Company, Tulsa, Oklahoma 

10:20-11—Electro Chemical Studies 
the Hydrogen Sulfide Corrosion 
Mechanism—Scott Ewing, Carter 
Oil Company, Tulsa, Oklahoma 


Pipe Line Corrosion 
Session. Robert Bullock, chair- 
man; Marion Olive, co-chairman. 

9-9:40—Cathodic Protection Bare 
Pipe Lines High Resistant Soils 
—R. Martin, Plantation Pipe Line 
Company, Atlanta, Ga. 

9:40-10:20—Economics Pipe Line 
Corrosion Sharpe, 
Humble Pipe Line Company, Hous- 
Texas 

10:20-11—Cathodic Protection Plant 
Yards with Distributed Anode Sys- 
tems—B. Whitley, Jr., Tennessee 
Gas Transmission Co., Houston, 
Texas 

11-12—Discussions. 


low cos 


Heat Exchangers 
Transportation Equipment 
Salt Water Lines 


Also available from Barrows: Ceramic coated stainless 
steel and inconel tubes for external temperatures and 
contamination petro-chemical processes. 


Thursday Afternoon, October 
Processing Plant Symposium, Derk 
Holsteyn, chairman; Fred Prange 
co-chairman. 
2-2:40—A Study Factors Affecting 
Heat Resistant Coatings—Joe Rench 
Napko Paint Varnish Works 
Houston, Texas 
2:40-3:20—Corrosion Centrifugal 
Gas Compressor Phosphor Bronze 
Oil-Sealing Sleeves—Edward 
Greco, United Gas Corporation, 
Shreveport, Louisiana 
3:20-4—Gasket 
Kunkel, Celanese Corporation 
America, Bishop, Texas 
4—Discussion. 


Friday Forenoon, October 

Oil and Gas Production 

9-9:40—The Use the Bridge 
Corrosion Inhibitors— Norman 
Hackerman and Cross, Uni- 
versity Texas, Austin, 

9:40-10:20—Theoretical and 
tion Prevent Casing Corrosion— 
and Rado Loncaric, Atlantic Refin- 
ing Company, Dallas, Texas 

10:20-12—Discussions. 


Pipe Line Corrosion Symposium—2nd 
Session. Brannon, chairman; 
Hunter, Jr., co-chairman. 

Plastic Lining Pipe 
Place—M. Grove, Interstate 
Oil Pipe Line, Shreveport, Louisiana 

9:40-10:20—The Need for Proper Co- 
operation the Design Corrosion 
Erickson, Peoples 
Gas Company, Pittsburgh, 

10:20-11—Experiences with Cathodic 
Protection Montana Power 
Light System—C. Davis, Mon- 
tana Power Light Company, Butte, 
Montana 

11-11:40—The Effects Impurities 
the Performance Magnesium 
Anodes—H. Robinson, Dow 
Chemical Company, Midland, Michi- 
gan. 


Friday Afternoon, October 
Oil and Sym- 
posium, Stegner, chairman. 
2-4—General Round Table, Oil and 
Gas Transportation. Pane!: 
Hugo, Ed. Doremus, 
dleston, Starr Thayer. 


Other Events 


Fellowship Hour, 6-7 pm, Wednesday, 
October 

Buffet Supper and Variety 
pm, Thursday, October 

Business Luncheon, noon, Friday, 
October 

shown the following times: 
Wednesday, October 9-11 am, Thurs- 
day, October 1-4 pm, Thursday, 
ber 9-11 am, Friday, October 
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Papers Listed 
Non-Destructive Testing 
Program 


Twenty-eight technical papers are 
the program the Society for 
October 19-22 Hollenden Hotel, 
Also scheduled are presenta- 
tion the deForest Award Magna- 
Corp., Chicago; Collidge Award 
General Company’s X-ray Dept. 
and the Honor Lecture Adair 
Morrison Arthur Little and Co. 

Seven educational lectures are sched- 
Wenk, Memorial Institute, 
Monday, October 19. 

Symposia will held follows: 

Radiography Monday, October 19, 

pm. 

Betatron Radiography, Tuesday, Oc- 
tober 20, am. 

Isotopes and Problems Non-De- 
Testing Here and Abroad— 
Wednesday, October 21, am. 

Ultrasonics—Wednesday, October 21, 
? 

pm. 


Magnetic particle and Penetrant In- 
October 22, am. 
trant Inspection, Robinson, General 
Electric Co., Thompson Laboratories; 
Factors Use Black Lights for 
Fluorescent Inspection Clarke, 
Research Director, Magnaflux Corp.; 
Application Magnetic Particle Inspec- 
tion Refineries Wilson, As- 
sistant Chief Inspector Refineries, 
Co.; Role Non- 
destructive Testing Ford Motor’s 
Quality Program by: Hart, Quality 
Control, Ford Engine and Foundry Di- 
vision, Ford Motor Co. 

Eddy Current and Related Subjects, 
Thursday, October 22, 1:30 pm. Papers: 
Electronic Thickness Gage for Measur- 
ing the Thickness Metallic Coatings 
Abner Brenner, Chief, Electrodeposi- 
tion Section, National Bureau Stand- 
ards, delivered Jean Garcia- 
Rivera; Nondestructive Testing Eddy 
Current Methods Richard Hochs- 
child, Physicist, Hanford Operations Of- 
fice USAEC; Practical Nondestructive 
lesting with Conductivity William 
Engineer, Magnaflux Corp. 


New TP-18A Officers 


Watts, Jr., Humble Pipe Line 
Midland, Texas, has been elected 
and Randell Elkins, Shell 
Oil Company, Midland, co-chairman 
NACE Technical Practices Subcommit- 
18-A Internal Sour Crude Corro- 
Pipe Lines and Tanks. 
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AMBLER PENNA. 


Technical Service Data Sheet 


Subject: GRANODIZING FOR LONG 
PAINT LIFE STEEL 


“GRANODINE” FORMS 
DURABLE PAINT BOND 


Granodizing forms crystalline, zinc phos- 
phate coating ACP paint-bond- 
ing process chemically changes the surface 
steel into inert non-metallic coating 
made thousands microscopic zinc 
phosphate crystals. 


Granodized steel thus presents surface 
much more receptive paint than untreated 
steel. Its crystalline structure permits firm 
and durable bonding the paint 
finish. And the zinc phosphate 
coating itself actually integral with the 
metal from which formed. 


“GRANODINE” CAN 
APPLIED DIPPING, 
SPRAYING BRUSHING 
Granodizing can accomplished by: 

Dipping the work tanks; 

Spraying the parts power washer; 


Brushing, spraying, flow-coating the 
work with portable hand equipment. 


Trade Mark Reg. U.S. Pat. Off. 


Choice process usually decided such 
factors the size, nature, and volume 
production. 


“GRANODINE” STANDARD 
PRACTICE BOTH 
CIVILIAN AND MILITARY 
PRODUCTS 


Automobile bodies and sheet metal parts, 
refrigerators, washing machines, cabinets, 
etc.; projectiles, rockets, bombs, tanks, 
trucks, jeeps, containers for small arms, 
cartridge tanks, 5-gallon gasoline containers, 
vehicular sheet metal, steel drums and, 
general, products constructed cold-rolled 
steel large and continuous production are 
typical the many products whose paint 


military production, used 
obtain zinc phosphate finish meeting 
Grade JAN-C-490 and equivalent require- 
ments other 


Photograph courtesy Ord- 
fance, U.S. Navy Department and Meta} 
Products Division, Koppers Company, Inc. 


600 Attend Meetings 


Attendance three meetings held 
the week September the 
International Nickel Co., Inc., Corrosion 
Testing Station near Wilmington, C., 
more than 600. The meetings in- 


Typical power spray washing machine for the automatic application protective 
phosphate coating metal parts preparation for painting. These rocket 


the 104th annual meeting The tubes, well products made cold rolled sheet steel, are effectively 


mical Society, the annual Sea phosphate coated such equipment. 
institute meeting and the Mari 
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Many Papers Committed for Kansas City Program 


The Oil and Gas Production Sym- 
posium and the General Corrosion Prob- 
lems Round Table have been transposed 
the March, 1954 Kansas City Tech- 
nical Program. This change 
made effort reduce the conflict 
sions the times affected. 
mainder the program remains sub- 
stantially published September 

The Oil and Gas Production Sym- 
posium will held Thursday, March 
from 11:30 am. The General 
Corrosion Problems Round Table will 
11:30 am. 


More Papers Committed 


Considerable progress reported 
committments technical papers. 
Holmberg, Alloy Steel Products Co., 
Linden, reports two sessions 
this symposium are being considered for 
the presentation eight papers. Four 
papers have been committed far and 
three others are 
Among those committed one 
Renshaw, Research Laboratory, Alle- 
gheny Ludlum Steel Corp., Brackenridge, 
Pa. Passivating Characteristics 
Commercially Pure Titanium, 

Wenk, Battelle Institute, Co- 
lumbus, Ohio says six papers are being 
solicited for the Symposium Non- 


LAST! ECONOMICAL, SHOCK 
RESISTANT INSULATING COUPLING 


Until recently mechanical weakness 
and high costs have discouraged 
the large-scale use insulating 
couplings gas distribution sys- 
tems. Now comes PESCO safe, 
economical, rugged, easy install, 
and assuring permanent electrical 
insulation. 


Box 1097 
Wort, f 


1037 
¢ worth, 


1037 
Worth, TEx 


1037 


Insulate your distribution system with 


INSULATING COUPLINGS 


PESCO couplings are designed 
and built stand under 
types extreme operational 
conditions. They are molded 
nylon under high pressure. 
Nylon thermoplastic resin 
which comparable thermo- 
setting resins physical prop- 
erties and far superior chem- 
ical resistance and the ability 
withstand bending, side thrust 
and shock. They stand pressures 
1100 psi the 34” and 
sizes and are not affected 


temperatures 300°F. 
Molding forms perfect threads 
and “di-electric wall” inside 
the coupling provide fool- 
proof electrical insulation and 
added sealing ability. special 
locking device prevents the coup- 
ling from turning slipping 
its steel sleeve. 


PESCO couplings may in- 
stalled your regular workmen 
with their standard operating 
procedures. Available all sizes 
from 34” 2”. 


PLASTIC ENGINEERING AND SALES CORP. 


BOX 1037 


FORT WORTH, TEXAS 


Destructive Testing. Industrial fields 
covered are chemical, pulp and 
marine, petroleum and testing services 
paper summarizing various available 
non-destructive testing techniques also 
being considered. 


Three Papers Committed 

Buchan, Humble Oil Refining 
Co., Houston, chairman the and 
Gas Production Symposium 
papers committed for his symposium 
follows: Corrosion Control 
Lake Maracaibo Pipeline 
Frank Chuck; Survey Corrosion Con- 
trol California Pumping \Vells 
Frank Davie and Preston Hill; Applica- 
tion Radiotracers the Study 
Well Products Paul Delahay, Jacob 
Strassner and Hassan 

Another paper being con- 
cerns sulfide corrosion cracking and 
sixth paper also may Mr, 
Buchan said. 


Five Papers Committed 

and Telegraph Co., Cleveland, chairman 
the Power and In- 
dustry Symposium has given names 
five papers and says sixth paper 
Schindler and Jones corrosion 
underground cable system, The 
exact title has not been given. 

The five papers committed are: Cor- 
rosion the Keys Acker- 
man, American Telephone 
Co., 138 East Court St., Cincinnati; Co- 
operative Test Methods for Corrosion 
Mitigation Problems Urban Areas 
Rosselle, Southern Bell ‘Telephone 
and Telegraph Co., Hurt Bldg., Atlanta, 
Ga.; Some Experiences with Cathodic 
Illinois Bell Telephone Co., 208 West 
Washington St., Chicago. 

Positive Polarity Grounding D.C. 
Supply Equipment Mining Traction 
Systems Gibson, Tennessee 
Coal and Iron Division, United States 
Steel Company, Fairfield, Ala.; Cathodic 
Screens Prime, Jr., Florida 
Light and Power Co., Miami. 


Refinery Symposium Papers 

Tandy, Standard Oil Co. 
California, Segundo, reports timel) 
and interesting solution the problem 
Shell Development Co., Emeryville, Cal 
This third paper for the 
Industry Symposium, which previously 
had been considered complete with two 
papers and discussion session 


Two Lectures Arranged 


Two the proposed three 
tional lectures have been arranved. 
Weast, Case Institute, Cleveland, 
man arrangements for lectures, 
said LaQue, The International 
Nickel Co., Inc., New York talk 
Design and Interpretation and 
Service Corrosion Tests; 
head the Metallurgy Office 
Research, Washington will stress 
corrosion. lecturer protec: 
tion has not been selected. 

entation motion pictures the 
sion cracking, 


= 
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makes just about much sense 
trying protect expensive process 
equipment with protective coating 
bought because was pennies 
cheaper the can. 


can dollars dearer your plant 
when fails protect! 


Corrosion-Resistant TYGON Plastic 
Paint not ordinary 


sby record success 
against all forms 
thing else this world, 
TYGON, too, has its limitations. 
literature tells what these are. 
know also that when applied 
with reasonable care, under the 
many conditions for which suit- 
able, TYGON Paint out-performs 
Wet and practically any other 
TYGON Paints are blends 
chemically inert plastic suggestion write for your free 
resins and balanced solvents PAINT copy Bulletin 750 which includes 
ant film virtually im- acids, salts, alkalies etc. Then you 
penetrable barrier against think TYGON Paint may the 
water. They can applied trial quantity 
green, red, aluminum and eventually, why not today: 


clear. Plastics and Synthetics Division. The 
Stoneware Co., Akron Ohio. 


“tures, 
alk 
and 
wood, 
Naval 
stress 
yrotec- 


AKRON OHIO 


Figure 1—Specimens galvanized-steel-stitched sheets aluminum alloy studied for corro- 
sion resistance the National Bureau Standards. The specimens the left were exposed 


months marine atmosphere, those the right the tidewater. The top two speci- 


mens are plain 24S-T3 aluminum alloy, while the bottom two are aluminum-clad 24S-T3. Results 
the NBS investigation indicate that both alloys when fastened with galvanized steel staples 
have satisfactory corrosion resistance marine atmospheres. For conditions frequent wetting 


sea water, however, only the alclad alloy proved satisfactory. 


Galvanized Steel Wire Stitching Adequate 
For Aluminum Alloys Marine Environment* 


NATIONAL Bureau Stand- 

ards, the request other govern- 
ment agencies, has investigated the cor- 
rosion resistance sheets unclad and 
aluminum-clad 24S-T3 aluminum alloy 
stapled together with galvanized steel 
wire. Stapled specimen sheets this 
high-strength aluminum-copper-magne- 
sium alloy (containing about percent 
copper and percent magnesium) 
were exposed marine atmosphere 


and the tidewater. Results for ex- 


posure periods months indicate 
that both types sheet joined this 
fashion have satisfactory corrosion re- 
sistance for service marine atmos- 
pheres. Where the installation subject 
frequent wetting sea water, how- 
ever, only the alclad alloy appears satis- 
factory. The bureau’s study 
ducted Fred Reinhart the 
NVS corrosion laboratory, under the 
sponsorship the National Advisory 
Committee for Aeronautics, the Navy 
Bureau Aeronautics and the Air Force 
Wright Air Development Center. 
Galvanized-steel-wire stitching, 
stapling, means joining aluminum 
sheets has been used increasingly since 
early World War II. Fast and eco- 
nomical, this relatively new method has 
given good results the construction 
non-load-bearing walls and partitions 


* For further details of the National Bureau 
of Standards study see “Exposure Tests of 
Galvanized - Steel- Stitched Aluminum Al- 
loys.”” bv Fred M, Reinhart, NACA Technical 
Note 2299 (1951). 


the interior aircraft. Although the 
joints are not inherently leakproof 
those made other methods, the use 
suitable sealing materials can overcome 
this objection. Wire stapling sheet 
metal reported have been extended 
more recently non-aircraft applica- 
tions, including interior panels buses 
and houses. Thermally insulated wall 
panels are readily fabricated stapling 
layers insulating material the metal 
sheeting; single stapling operation can 
fasten the insulation the metal sheets 
well joining the sheets each 
other. 

the NBS work, stapled panels 
each material (24S-T3 and alclad 24S-T3) 
were subjected intermittent sea-water 
immersion exposing them the tide- 
water. Other panels each material 
were exposed marine atmosphere 
but not subjected wetting. Panels 
were observed periodically and were re- 
moved for macroscopic and microscopic 
study after exposure periods 11, 
and months. 


Unclad Panels Deteriorate 


The unclad 24S-T3 panels exposed 
tidewater deteriorated rather rapidly. 
After two months zinc coatings 
the steel staples were white with corro- 
sion. After six months the zinc was 
entirely gone from the staples, which 
this time were covered with dark 
adherent rust. Microscopic inspection 
six months showed that directly under- 
neath the staples the sheets had cracked 


stress corrosion, the cracking having 
started the faying surfaces the 
sheets. the end months the 
staples were bady rusted and pitted 
and the sheets the area the staples 
had suffered severe crevice corrosion 
intergranular corrosion and stress corro. 
sion cracking. 

The alclad 24S-T3 panels stood 
much better the tidewater exposure 
The attack the zinc coating the 
staples was much less severe. Even after 
months some the zinc-iron alloy- 
ing layers were still present 
underlying steel had barely begun 
pit. There were corrosion products 
between the faying surfaces the alclad 
sheets, indicating little any crevice 
corrosion. Although most the 
minum cladding had disappeared from 
the faying surfaces months, the 
core material had not been attacked 
months. Only after months ex- 
posure did the core show and— 
but only one area—stress corrosion 


Marine Atmosphere Less Severe 


When exposed marine atmos- 
phere, there was very little corrosion 
either the alclad the alloy, 
even after months. The staples 
both specimens were still coated with 
grey corrosion products, indicating that 
zine zinc-iron alloy layers were still 
present. None the staples were sig- 
nificantly pitted. The faying suriaces 
the 24S-T3 panel were slightly pitted, 
but evidence intergranular corro- 
sion stress corrosion cracking was 
found. The protective layers 
the alclad 24S-T3 sheets were pitted 
few areas the faying surfaces, but 
case had the pits corroded 
the thickness the layers. Crevice 
corrosion was quite mild—there were 
only small amounts corrosion prod- 
ucts between the faying surfaces the 
unclad panels and practically none be- 
tween those the alclad panels. 

Because the crevice corrosion that 
developed, varying degrees, 
faying surface the joints, the applica- 
maximum service life well as_ for 
leakproofing the joint. non-absorbing 
type sealing compound paint can 
applied the joints either during 
after the joining operation. 


Special Libraries Sessions 


two-day series technical sessions 
and tours has been arranged for Octo- 
ber 21-23 the Special Libraries As- 
sociation. The sessions, planned 
sponsored the Metals Division and 
Metals Section the Science 
ogy Division, will held 
during the National Metals Exposition 
The association will present there also 
its display current reference sources 

The technical sessions include the 
lowing papers corrosion 

New Techniques Welding, 
Stroup, Chief the Process Metallurgy 
Division, Aluminum Company 
ica. 

Materials for Use Elevated Tem- 
peratures, Harris, Jr., Minerals 
and Metals Advisory Board, 
Academy Sciences. 

Metallic Materials for Nuclear 
tors, Frank Foote, director, Metal 
lurgical Division, Argonne 
Laboratory. 
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Cal. Berkeley 


the 
Schedules Marine 
( 
1 
Conference 
two-day conference Marine Cor- 
rosion Problems has been scheduled 
University California, Berkeley, for 
February 8-9, 1953. Topics included 
the tentative program are environmental 
factors, biological factors, selection 
materials, marine paints, cathodic pro- 
the tection, tanker corrosion, corrosion 
ships and panel discussion 
The purpose the course dis- 
cuss marine corrosion problems way 
production departments, naval installa- 
tions port authorities. Those attend- 
ing will generally undertand the funda- 
HAS STOOD THE TEST TIME 
sion 
Houston 
Paint Course Started SOLVE CORROSION PROBLEMS 
course paint raw materials, charac- 
teristics and pertinent tests paints 
being conducted the University 
still Houston with members the Houston 
Paint and Varnish Production Club 
instructors. The course may taken 
for credit not. 
Some the scheduled lectures are 
follows: 
September 21—Drying oils, John 
Garrett, Pittsburgh Plate Glass Com- 
October 5—White pigments, Hollis 
Sierra Tale Clay Co., Los 
Angeles. 
the October 19—Rosin, natural resins and 
kindred products, Eugene Price, Crosby 
Chemical Co. 
for . 
rbing 
can Short Course March 
ng or F 
corrosion control short 
being planned for March 24-26, 1954 
the University Wisconsin, Madison. 
sion course during May this year. ctual experiences like these 
Eastern Wisconsin Section NACE as- show what TAPECOAT coal tar 
the arrangements for the meet- 
protection can for you. 
1954 AWS Meeting Use TAPECOAT combat cor- 
The 1954 National Spring Technical rosion above below ground 
Meeting the American Welding So- gathering lines, transmission 
ciety will held May-4-7, 1954, the 
Hotel Statler, Buffalo. 3 a lines, meter stations, compressor 
stations, distribution lines, pipe joints, bolt-type couplings, 
e . . . 
fittings, large bends, large diameter pipe, insulated lines, 
the Refrigeration and Air Condition- 
will have displays 225 com- 
Write for descriptive brochure and prices 
tional Manuscripts material corrosion 
are accepted without invitation for re- 
view NACE. Authors are advised 
Manuscripts copy the publication 


uide for the Preparation and Presen- 


tation Papers,” sent free. 1521 Lyons Street, Evanston, 
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Write for Rates, 1061 Bidg. 
Houston 2, Texas 


Cathodic Protection 


CATHODIC PROTECTION 


Design Installation Surveys 
Equipment Supplies 


ALLEN CATHODIC 


PROTECTION CO. 
Box 386 Phone EDison 2081 
HARVEY, LOUISIANA 


Cathodic Protection Service 


Engineering - Installation - Surveys 
Material Supplies 


Everything in the Cathodic Protection Field from 
an insulating Washer to a Turnkey Contract 
installation 


4601 Stanford HOUSTON Phone 5171 


NEW ORLEANS TULSA 
1639 Rebert St. 310 Thompson Bldg. 
Phone CH-8310 Phone 2-9857 


CORROSION SERVICE LIMITED 
Offers CANADA 


A Complete Service in Corrosion Engineering, 
Design and Installation of Cathodic Protection 
Systems. 


Resistivity and Electrolysis Surveys. 
Selection and Application Protective Coatings. 
Rectifiers Anodes Materials 


King St. East, Toronto, Canada 


CATHODIC PROTECTION 


Surveys Engineering 
Installation Maintenance 
Electro Rust-Proofing Corp. 
(N. J.) 

BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


Complete 
CATHODIC PROTECTION 


for special applications; water tanks 
and pipe lines. 


Cathodic Protective Systems 
Designed and Installed 


Coating and Laying Specifications; 
Corrosion Surveys; Consultation On 
All Types of External Pipe Line Corrosion. 


Huddleston Engineering Co. 
Oklahoma 


Bartlesville 


CORROSION 


—NATIONAL ASSOCIATION CORROSION ENGINEERS 


CORROSION DIRECTORY 


Cathodic Protection 


Again 1952, lead all contractors 
Magnesium Anodes installed 


your shield against corrosion 
PROVEN EXPERIENCE 


in Installation, Field Survey, Design 3 
RECTIFIER SYSTEMS GALVANIC ANODES 


CATHODIC PROTECTION 


Distributors and Contractors 
Williamson Casing Insulation 
Good-All Rectifiers Dow Magnesium 
Anodes @ National Graphite Anodes @ In- 
struments and Insulation @ Contract Anode 
Installations. 


PROTECTION 
New Jersey 


Coatings and Linings 


CORROSION ENGINEERING 


and application chemical resistant 
linings and coatings 


Exhaust Systems Tank Trailers 


Storage, Plating and Pipe—Degreasers 
Pickling Tanks Filter Presses 


17760 Clarann Avenue 
MELVINDALE (Detroit) MICH. 


CORROSION-PROOF 


TANKS, FLOORS, FUME DUCTS 


PROCESS EQUIPMENT 


COMPLETE LINE 


Over Quarter Century Experience 


CORROSION- -PROOF 


ATERIALS CONSTRUCTION SUPERVISION 


4832 RIDGE RD 


The CEILCOTE Co. cunverann 9, onto 


HARTMAN HANKS WALSH 
PAINTING COMPANY 


5078 Easton Ave. St. Louis 13, Mo. 
Cable APCO—Phone FOrest 6222 


SPECIAL COATINGS APPLICATORS 


Sandblasting Painting 


Perma-Skin Anti-Corrosion Vinyl Coatings 
Spring-Kote Corrosion Resistant Mastics 
Dum-Dum Masonoc Complete Spray 
Painting Service 


Advertising this Directory costs about $1.25 thousand 


circulation states and foreign countries 


Over 5400 Paid 
Readers Monthly 


Engineering Service 


DEUBER LABORATORIES 


Bacterial Corrosion Fungus Resistance Tests 
Soil Performance Tests of Coatings, Tapes, ete, 


Research 


114 East 32nd Street 
New York 16, N. Y. 


Telephone: 
LExington 2-3244 


CORROSION ENGINEERING 


Impartial Evaluation 


THE HINCHMAN 
CORPORATION 
Engineers 
Francis Palms Detroit Mich. 


FRANCIS RINGER 
Consulting Corrosion Enginee: 
Corrosion Tests and Surveys, Cathodic Pro- 


tection Design, Supervision of Installation, 
Personnel Training, 


Hampden Ave. Telephone 8-2863 
NARBERTH (Suburb. Phila.) PENNA. 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Coulter Bldg. Midway 
Ardmore, Pa. 2-9999 


Instruments 


INSTRUMENTS 


For the Corrosion Engineer 
Copper Sulfate Electrodes 
@ Resistivity Rod & Pipe Prod 
@ AC Bridges 
Current Potentiometer with 
Current Ranges 


COLLINS 


ANGLETON, TEXAS 


Pipe Coating and Wrapping 


SERVING ALL PIPELINES 
PIPELINE ASBESTOS FELT 
ade The Ruberoid Co. 


COAL TAR ENAMEL COATINGS _ 
Made by Pittsburgh Coke & Chem. Co. 


FIELDJOINTERS 
Made American Coating Supply 


Day 
DAY COMPANY 


Houston Tex. 


1973 W. Gray 
Phone JU-2431 


October, 1953 


Central Region 
Invited Meet 
Houston Again 


Plans invite the South Central 
Region hold annual meeting 
Houston were given the green light 
the September meeting the Houston 
Section. the technical program, Ken- 
neth Tator Kenneth Tator Associates, 
Coraopolis, Pa., explained the method 
used for “Evaluation Paints and Coat- 
ings Severe Atmospheric Exposures.” 

‘As coffee speaker, Cecil Grigg, back- 
feld coach the Rice Institute, football 
team entertained with explanations the 
and shortcomings the 1953 
squad. explaining coaching policy, Mr. 
Grigg said, “We like win, but try 
make football fun for the boys, win 
lose.” 


REPRINT 


Publication 
Surface Preparation 
Steels 
For Organic and 
Other Protective Coatings 


Second Interim Report NACE 
Technical Practices Sub-Committee 
6-G Surface Preparation for 
Organic Coatings. 


This report itemizes the various procedures 
used to prepare steels for the application of 
protective coatings, Recommendations as to 
procedures, standards, safety measures are 
given. This second report NACE TP-6G 
the culmination of many months of work by 
committee members. The report has been 
carefully prepared and checked committee 
members with long experience in the coatings 
application field. 


Paid 


Single Copy 
more Copies one address, 
copy 


Address Orders and 
Make Remittances 
Payable 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Texas 


Write for Rates, 1061 
Houston Texas 


Pipe Coating and Wrapping 


YOUR ADVERTISING 


this space 
goes over 5400 
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Field Testing Recommended 

Mr. Tator said reference the approxi- 
mately 1400 case histories surveys and 
evaluations has made for clients 
great value him evaluating paint 
performance. But even though lacking 
this valuable reference aid, corrosion engi- 
neers can still much work out the 
problem field testing for the right paint 
for the job, explained. 

The key evaluating results field 
testing the chart Mr. Tator has de- 
vised which shows graphically many 
120 combinations types coating 
failures. Mr. Tator has designed special 
portable testing rack which can 
handled one man. This lessens labor 
costs for testing painted panels. 

accurate test for paints should dupli- 
cate much possible the actual con- 
ditions under which the paint will serve, 
Mr. Tator explained. Because paint fail- 
ure begins with greatest frequency 
sharp edges corners and projections 
such rivet heads, Mr. Tator has con- 
structed test panels which have these 
features reproduced. section channel 
iron welded perpendicular flat 
surface. Such test panel provides 
corners, weld areas and flat surfaces. 
addition, welding another piece 
metal the panel special way, 
Mr. Tator has devised method test- 
ing paint for crevice corrosion resistance. 


Correlation Important 


One important part testing paint 
performance correlate results from 
test panel with performance the same 
paint actual service. 

Generally, Mr. Tator explained, will 
erect his stand test panels near the 
tank, equipment, article for which the 
paint selected. However, at- 
tempts find area where the corrosive 
atmosphere more severe than that sur- 
rounding the article painted. This 
results slightly accelerated corrosion 
rate. correlating corrosion rates and 
keeping accurate charts paints 
tested, Mr. Tator said able pre- 
dict paint performance actual use with 
satisfactory consistency, usually within 
about months. 


More than percent the readers 
are engineers engineer- 
ing work. 


Positions Available 


Chemical Engineer Familiar with ma- 
problems technical staff man 
evaluate and recommend; also develop 
methods for manufacturing 
proof equipment. Advise experience and 
salary desired. Heil Process Equipment 
Corp., Cleveland 11, Ohio. 


DIRECTORY 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 
(Established 1931) 
Corrosion, weathering and sunlight tests. 
Four locations in Southern Florida for inland, 
atmospheric, tidewater and total immer- 
sion exposure tests. 


4201 7th St. MIAMI, FLORIDA 


POSITIONS WANTED 
and 
AVAILABLE 


® Active and Junior NACE members may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over words set point text type. 


@ Firms seeking employees, regardless of 
NACE membership, may run an advertise- 
ment of the same specifications in- 
definitely, 


Advertisements other specifications will 
be charged for at standard rates. 


Positions Available 


Corrosion Engineers. Positions available 
for graduate electrical engineers 
equal. Previous field and design ex- 
perience corrosion mitigation systems 
required. Extensive travel involved. 
Salary open. The Hinchman Corp., En- 
gineers, Francis Palms Bldg., Detroit 
Mich. 


Sales Representatives for DEL Protec- 
tive Coatings. Protected territories avail- 
able qualified individuals com- 
panies. objection carrying non- 
competitive lines. Write David Long 
Corp., 220 East 42nd New York 


Positions Wanted 


British Chemical Engineer, member 
NACE will free presently offer 
ing develop European markets. Ex- 
perienced assessing prospects, com- 
petition, manufacturing and selling costs. 
Sites located, plant erection supervised. 
CORROSION, Box 53-14. 


Research Engineer. Considerable field, 
design, research and development ex- 
perience for protection communica- 
tion cables, pipe lines, power substa- 
tions, cables and transmission towers. 
West Coast preferred but travel con- 
sidered. CORROSION, Box 53-15. 


Corrosion Engineer (BSGE), years 
experience with major design consultant; 
installation, maintenance cathodic protec- 
tion systems for distribution and trans- 
mission piping, desires position with less 
travel demands. CORROSION, Box 
53-16. 


Over 5400 Paid 
Readers Monthly 


Water and Steam 


WATER LABORATORIES, 
Specializing Since 1927 


Water treatment for corrosion 
control buildings, boilers and 
air conditioning systems. 


Main Office—423 West 126 Street, NYC 
Offices also Phila. and Wash., 


] 
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ASSOCIATION CORROSION 


BOOK REVIEWS 


Pretreatment Specifications. Published 
Steel Structures Painting Council, 
4400 Fifth Ave., Pittsburgh 13, Pa., 
March, 1953. Four 8-page pamphlets 
Copy each Specification $25c, set 
four 60c. 


Four pamphlets, each which recom- 
mends approved treatment for pre- 
treating structural steel surfaces. First 
specification, Wetting Oil Treatment, de- 
fines wetting oils penetrating oils that 
oxidize and air-dry form solid water 
insoluble, protective film. Wetting oil 
treatment method initially sat- 
urating the surface layer rusty and 
scaled steel with wetting oil that com- 


patible with the priming paint, thus im- 
proving the adhesion and performance 
the paint system This 
pretreatment does not, however, take 
the place coat paint eliminate 
the necessity surface preparation. 

Pretreatment No. Cold Phosphate 
Surface Treatment method con- 
verting the surface steel insoluble 
salts phosphoric acid for the purpose 
inhibiting corrosion and improving 
the adhesion and performance paints 
applied. 

No. Basic Zinc Chromate-Vinyl 


(sometimes referred 


wash primer) treatment speci- 
fied for metals which reacts with the 
metal and the same time forms 
protective vinyl film containing in- 
hibitive pigment help prevent rusting. 
This washcoat supplied two com- 


Let Pipeline Anode Corp. 


handle your complete corrosion 


protection installation 


Highest quality AN-SPEC Magnesium 


Anodes. 


complete engineering service for 
analyzing your requirements. 


your complete Anode 


installation. 


your personnel are all tied with 


why not let handle all your corrosion protection 


problems. supply the best high quality mag- 


nesium anodes and our experienced crews can handle 


the installation. Our engineering department 


your service recommend the type installation 


best suited your problems call for 


high quality, yet economical job. 


-SPEC Anodes manufactured Magnesium 
Division Crose Manufacturing Co., Inc. 


CORPORATIO 


ROTECTO 
436 Douglas Blvd. 
Angeles 12, 


ENGINEERS 


ponents which are mixed together just 
prior use. The base contains 
cohol solution polyvinyl butyral resin 
pigmented with basic zinc chromate. 
The diluent contains alcohol solution 
phosphoric acid which reacts with the 
vinyl resin, the pigment and the 
The fourth pretreatment, Hot Phosphate 
Surfacement Treatment covers the pro- 
cedure required for the hot phosphate 
surfaces prior painting. This gives 
high temperature method converting 


the surface steel heavy crystalline 
layer insoluble salts phosphoric 
acid for the purpose inhibiting corro- 
sion and improving the adhesion and 
performance paints applied, 


Symposium Continuous Analysis 
Industrial Water and Industrial Waste 
Water. pages, inches, paper 
cover. June, 1952. American Society 
for Testing Materials, 1916 Race 
Philadelphia Pa. 

Per copy 

Five technical papers the continu- 

ous analysis industrial water 

sented the American Society for Test- 
ing Materials’ meeting New York 

City, June 24, 1952 are included. These 

papers are preceded introduction 

which the need for continuous analy- 
sis explained. Paper titles are: Auto- 
matic Sampling Industrial Water and 

Industrial Waste Water, Some Practi- 

cal Aspects the Measurement pH, 

Electrical Conductivity and 

Reduction Potential Industrial Water, 

Continuous Recording Chlorine Re- 

siduals and Determination Chlorine 

Demand, Measurement Color, Tur- 

bidity, Hardness and Silica Industrial 

Waters, Continuous Measurement 

Dissolved Gases Water. 


Cathodic Protection With Zinc Anodes. 
pages, inches, paper cover 
figures. June, The American 
Zinc Institute, East 42nd St., New 
York 17, Per copy, Free. 
This report, prepared for the American 

Institute Ebasco Services, Inc., 

“Zinc Galvanic Anode” published 

the Institute November, 1951. Ad- 

ditional design criteria included the 
current report simplify engineering cal- 
culations cathodic protection systems. 

The report indicates galvanic anodes 

frequently are preferable other im- 

pressed current systems when current 

requirements are small. Zinc anodes are 
recommended for use protect well- 
sistivity soils. Characteristics zinc 
provide more stable structure potentials 
than that provided either 
magnesium anodes, the report indi- 
cates, with 30-year design life feasible. 

Field tests backfills are brought 
date and case histories 
cathodic protection installations given. 

Figures give considerable detail 
engineering design, anode ratings and 
other information useful the 
protection engineer. 


Bridgeport Condenser and Heat Ex- 
changer Tube Handbook. 
inches, 156 pages. Illustrated, 
cover. 1953. Bridgeport Brass 
Bridgeport, not 
indicated. 

This comprehensive book covers the 
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UNDERGROUND 


hurt these tanks bit! 


les. 


These two gasoline storage tanks were buried ground lava-type rock WRITE FOR THESE 
sand with high percentage salt contamination. Recently BOOKS 


the NO-OX-ID that had been applied years before. BULLETIN 3076 
the way prevent corrosion. steel structures, tanks, build- use and application 


des ings, bridges, viaducts, underground pipe lines wherever there NO-OX-ID Rust 


threat corrosion and loss metal, there the need for NO-OX-ID. Preventives. 


are Dearborn has prepared two informative books assist you prevent- BULLETIN 3057 


ing corrosion. One Bulletin 3076 describing the use and application Protecting Under- 


inc The other Bulletin 3057, authoritative book pipe ground Pipe from Cor- 
ials line protection. Write for your copies. rosion with NO-OX-ID 
and 
DEARBORN CHEMICAL COMPANY 


Merchandise Mart Plaza Chicago 54, 


sful 
yen. 

and 
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Adhesives, Coatings and Sealers, 
page bulletin which lists the most impor- 
tant these products produced the 
Minnesota Mining Mfg. Co., 423 Pi- 
quette Ave., Detroit Mich., available 
request. 

Commercially Pure Titanium, rolled 
strips inches wide and down 
minus .0001-inch available from In- 
dustrial Division, American Silver Co., 
Inc., 36-07 Prince St., Flushing 54m, 

Cast-Iron Exhaust hood 100,000 
KVA steam turbine was sprayed with 
stainless steel prevent erosion and 
corrosion the iron from high velocity 
steam which had been causing water 
contamination. The 
nated contamination and was still good 
four years after application. This appli- 
cation was reported Metallizing Engi- 
neering Co., Long Island City, 

Stainless Steel strapping for fastening 
insulating piping and vessels avail- 
able from Acme Steel Co., 2840 Archer 
Ave., Chicago 


Kaykor Industries, new division 
Kaye-Tex Manufacturing Co., Yardville, 
J., has been organized manufac- 
ture and provide technical service for 
rigid ployvinyl chloride, styrene copoly- 
mers and other industrial type thermo- 


plastics for functional and decorative 
uses. Pierce vice-president and 
Huscher, manager technical 
sales and service. 

Corrosion Test Coupon Service, consist- 
ing furnishing cleaned, weighed test 
coupons firms conducting testing pro- 
grams and the cleaning, weighing and 
evaluation the coupons after exposure 
Box 4603, Station Dallas, Texas. 


Karbate, Model Standard Falling 
Film Absorbers are described 12- 
page catalog section issued National 
Carbon Co., Division Union Car- 
bide Carbon Corp., East 42nd St., 
New York 17, 


Crouse-Hinds Co., Wolf and Seventh 
North St., Syracuse 10, Y., has pub- 
lished new 4-page bulletin, SEC-K 
the firm’s new EV2 explosion- 
proof and weather resistant lighting fix- 
tures. The lights are designed for use 
concentrations ethyl ether vapors 
gasoline, petroleum, naphtha, alcohols, 
acetone, lacquer solvent vapors and 
natural gas. 


Sel-Rex Precious Metals, Inc., Belle- 
ville, J., announces new copper 
purifier which eliminates the need for 
breakdown impurities 
them useful cyanides. 


SSES... 


Caused Sulfuric, Nitric, 


Shown above welded tubing. 
This small-diameter tubing easily bent 
and flared to exact tolerances. It may 
be welded to itself or other metals, and 
retains its bright finish 


Phosphoric Acids 


the corrosion, erosion and 
heat resistant alloy 


Critical processing operations involving corrosive 
liquids and gases have proved Illium’s ability 


to 


slash 


replacement and maintenance costs 


down minimum. 


Unequalled resistance attack all con- 


centrations 


temperatures, similarly well-suited 
handling nitric, phosphoric, and mixed acids, 
and many acid-salt solutions. Over the years, 


The ILLIUM Utility Pump has 


A rugged pump designed for laboratory, 
pilot plant, and small industrial appli- 
cations. Made entirely of ILLIUM, it will 
not contaminate material being pumped, 
and will often outlast stainless steel 
pumps as much as 5 times. Write for 
catalog information. 


Make 


firmly established its superiority over other 


alloys the chemical, drug, petroleum, and 
food industries. 

easily machined and welded. Samples for testing 
and investigation will sent request. 


Write for Bulletin 651 for complete 
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Positive Corrosion Control the 
new 8-page illustrated booklet 
lished Bart Manufacturing Corp, 
samples nickel-lined pipe, fittings anj 
flanges are shown and the booklet 
cusses the Bart Lectro-Clad 
and uses for nickel-lined pipe 
corrosion protection. 

American Electro Products, Inc., 
Thomaston Ave., Waterbury, 
developed the Cantavone 
processes for volume electroplating 
Among many applications the 
corrosion from moisture, salt air, 
trial fumes, contact with lubricants, 
treme heat cold and other causes, 


The Carpenter Steel Co., Reading, 


held open house opening 


office the San Francisco Bay area, 
1530 Industrial Way, Cal, 


The Cornelius Model air com- 


pressor will compress cu. it. fre 


air 2350 psi 100 minutes 
rpm, according the manufacturer, 
Cornelius Co., 550 Thirty-ninth 
E., Minneapolis 21, Minn. The 
stage compressor designed charge 
such industrial equipment and tanks 
such the Scott Air Pack and similar 
gear for use personnel during ten- 
porary exposure noxious 
tumes. The pump weighs six and 
pounds. 


a 
Knapp Mills Inc., has published 
pamphlet describing nine new 
ments originated the company 
Among the processes described the 
pamphlet are: The Cupralum Anode, 
high conductivity copper which 
chemically bonded 
lead cladding has been applied; The 
Ferrolum Anode, made carbon steel 
which lead cladding has been applied; 
Ferrolum Lead Clad Steel Immersion 
Heater for use with corrosive liquors 
Knapp Lead-Plate Heaters, 
Pipe Supporter, Automatic 
ding Machine, Knapp Rasyst 
pounds for containment harmful 
ation; Lead-Lube, suspension 
powder grease vehicle which 

(Continued Page 18) 
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Brass Company’s 
tubes from the development 
denser tube alloys, through installation 
Corrosion from water, 
corrosion, galvanic corrosion, effects 
vibration corrosion and the uses 
ments are covered detail. 

Many tables and graphs data 
given permitting comparison 
tubes. 

chemical, petroleum refining, 
processing, sugar refining, 
and steam power plants are 
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Long-term protection against 
chlorine and moisture 


Ferguson, Master Mechanic Southland Paper 
Mills. Lufkin, Texas, inspects wet end Fourdrinier 
machine—protected with one coat Parlon for twelve 
months. Plates center have been wiped free pulp 
show excellent condition. This Parlon paint Napko 
Southland Green #5110—applied over one 
coat Napko Red Oxide Metal Primer #1327, both made 
Napko Paint Varnish Co., Inc. 


(Right) Metal railings and cat- 
walks Bare Paper Co., 
Roaring Springs, Pa., finished 
with two coats Parlon paint 
applied 1950. Paint still 
excellent condition despite con- 
densation from live steam from 
pulp area below. This Parlon 
paint known Tornesit, made 
Perry-Austen Mfg. Co., 
Staten Island, 


paper mills, where moisture and chemicals are 
constant enemies processing equipment, paints 
made from Hercules Parlon (chlorinated rubber) 
are doing remarkable job cutting maintenance 
costs. Often they obviate installation costly 
materials. Even chlorine finds its 
match Parlon. 


Parlon easy apply and serves equally well 
metal, concrete, wood, and special surfacings. 


(Above) Scott Paper Company, Everett, 
Washington, four coats Parlon paint gives 
average service life eight years wooden 
bleach cell tubes first-stage chlorinator. Parlon 
paint used known Paron, made Petro 
Paint subsidiary Rudd Paint 
Varnish Co., Seattle, Washington. 


dries almost fast lacquer, and highly resistant 
wear and abrasion well acids and alkalies. 


corrosion particular problem with you, 
specify “paints made with Parlon.” paper and tex- 
tile mills, chemical plants, refineries, sewage dis- 
posal plants, and water works, ships, and railroads 
Parlon gives better service lower long-term 
costs. See your regular supplier for details Parlon- 
based paints write Hercules. 


Cellulose Products Dept. HERCULES POWDER COMPANY 999 King St., Wilmington 99, Del. 


INCORPORATED 


LOOK FOR THIS LABEL 
THE PAINT CAN... 


MADE 
NATED RUBBER PAINTS ARE AVAILABLE FROM 400 MANUFACTURERS UNDE 
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that’s why 
leading engineers choose 
MPC SARAN RUBBER* LINED 
STEEL PIPE 


wherever corrosion problem! 


You can 

sure 

getting the 

highest de- 

gree re- 

sistance 

corrosive chem- 

icals, oils, acids 

and solvents when 

MPC SARAN RUBBER-LINED STEEL 

PIPE specified. Available either 

fabricated light gauge stand- 

ard steel pipe 10’ and 20’ standard 

lengths, ranging size from up... 

fabricated your exact require- 

ments. Fittings standard and special 
designs for all diameters. 


For additional information write today 
your nearest MPC representative 
our application engineering depart- 


You can lick corrosion. It’s easy 
MPC! 


development 
The Dow Chemical 
Company 


NEW PRODUCTS 
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coats wearing surfaces and the Guidler, 
combination idler and guide pro- 
tect conveyor belt edges. 

The Holoal Mfg. Corp., Box 95, Belle- 
rose 26, Y., producer the 
Bel Connector, cast-iron fitting seal 
pipe leaks quickly without cutting off 
the flow the pipe. The connector 
made two semi-circular parts joined 
four screws. designed en- 
close the leak within captive Neoprene 
gaskets when the screws are tightened. 

The Mobile, Alabama plant Eagle 
Chemical Company, Joliet, has 
reached full production clay desic- 
cants, according company an- 
nouncement. Clay desiccants are rela- 
tively new development, according 
the firm and the comparative efficiency 
clay and its lower cost has resulted 

Plax Corp., West Hartford, Conn., has 
issued 8-page illustrated brochure 
unbreakable and 13-gallon Plaxpak 
Polyethylene carboys. Specifications for 
both jacketed and unjacketed carboys 
are listed tabular form. Among fea- 
tures claimed are: safety, light weight, 
lowered costs, ability handle 
most corrosives and 
ment costs. 


The Superior Tube Co., Norristown, 
Pa., installing vacuum furnace for 
annealing tubing titanium 
conium. The new furnace the batch 
type, can handle tubing lengths 
feet. Company engineers say that 
because titanium presents many metal- 
lurgical problems not encountered with 
other metals, the seemingly simple task 
producing small tubing this 
metal commercial basis required 
years development. The titanium 
tubing produced Seamless and 
Weldrawn (welded and 
struction. 

Corrosion Inhibition will covered 
session concurrent with one chemi- 
cal agriculture American Chemical 
Paint Co., International Division, Am- 
bler, Pa. Attending the sessions will 
delegates from countries. The dele- 
gates are meet government 
officials for exchange ideas the 
problem cooperation with North At- 
lantic Treaty Organization and Mutual 
Security Agency programs designed 
maintain defenses the Free World 
and increase its food supply, 
problems affect the fields corrosion 
inhibition and chemical agriculture. 

e 
Several subjects corrosion interest 
were scheduled for discussion the 
convention. “Corrosion Action,” the 
well known Nickel Co. 
film was shown. Acid Cleaning; 
Alkaline Cleaning Processes; Inhibitors 
—Development, Testing, etc.; Inhibited 
Pickling Production, Phosphate Coat- 
ings; The Painting Metal; and other 
like topics were subjects papers. The 
meeting was scheduled for Sept. 21-26, 
and, according news release, copies 
the papers would available. 


Nickel Alloys Railroad Equipment, 
illustrated 32-page brochure available 


from The International Nickel 
Wall Street, New York 
gives data the uses being made 
nickel materials Diesel-electric, 
tric and steam locomotives, gas turbines 
passenger equipment, freight cars 
miscellaneous railroad 

Applications Unlimited, 16-page pro. 
uses beryllium copper, available 
request from The Beryllium Corp 
Reading, Pa. 

Metablast, technique for prep. 
aration whereby abrasive suspended 
liquid directed against the surfaces 
surface which ready for electroplating 
for instance, soon removed from 
the blasting cabinet. The makes 
possible the removal hard crusts, 
scale, old paint, platings other 
ings from such items meter 
parts. 

Where Tars Come Fron, 
chure explaining the origin coal, de. 
scribing the different coal 
and their respective uses, the 
tion coal tars and 


from coal, coal mining operations, 


production, available Koppers 
Co., Inc., Pittsburgh. 
trated non-technical exposition 
clear explanation the coal by- 
products industry. 

Allyl Chloride and 
produced Shell Chemical Con- 
pany’s new Norco, La., plant. Its output 
will used increase glycerine 
nually and also Shell’s Epon resin 
put. 
Van-Cor pipe and fittings will 
Texas Plastic Development 
pany, 3638 University Blvd., Houston. 

Hard Coatings aluminum alloys 
the MHC (Martin Hard-Coatings) 
Anodic, Inc., Salt Street, Bridgeport, 
Conn, The company holds 
license from Aluminum Company 
inch thick, consists amorphous 
coat aluminum oxide about ten times 
than other anodized coatings. 
the coating grows equally above an! 
below the surface, .002-inch coating 
creases dimensions only 
and undercut areas and 
trolled closely. Greatest 
among manufacturers office 
chines, textile machines, gages, 
valves, hydraulic pistons 
guide rods, plates and materials 
corrosion. The coating has stood 
5000-hour salt spray test. has 
dielectric strength varies 
amber black depending the 
alloy coated. 

e 
Plate Type Heaters made lead 
uses involving corrosives such 
furic, phosphoric, chromic 
acids, sulfates and others 
tured Knapp Mills, Inc., 23-15 
den Ave., Long Island City, They 
are available surface areas 
and 13.2 square feet, and are 
mended for pounds steam less 
Special units will designed 

(Continued Page 20) 


= 


NACE NEWS 
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PERMANENCE 


1S. 
TIME TESTED METHODS Application 
Dro- 
able on 
For the past years 
prep. has been applied pipe standard practices which 
pended only now are being adopted generally the pipe 
luces coating industry. Time has proved them most effec- 
tive. These methods are— 
makes 
tS, rust, 
Pre-heating, followed hot priming, assur- 
l, de- 
ing firm, lasting bond coating steel. 
roduc. 
lucts 
coating rigid specifications. 
coal 
addition, SOMASTIC leads this essential feature— 
rin will 
tinuous process special SOMASTIC equip- 
ment form dense, compact, uniform and 
seamless protective coating great durability. 
The general swing methods pioneered 
SOMASTIC Pipe Coating another acknowledgment 
fact first shown the API-Bureau Standards 
Ten Year Pipe Coating since proved 
mercial 
an) thousands corrosive permanence 
). 
coat with SOMASTIC. 
times 
harder 
and 
ting in \ 4 ; 
*Reg. U.S. Patent Office 
COATING 
‘linders, 
stood 
Unequaled for PERMANENT PROTECTION 
typ 
The Best PIPE COATING 
MANUFACTURED 
yanutac- 
PRICE CO. BECHTEL CORPORATION 
BARTLESVILLE, OKLAHOMA SAN FRANCISCO and WILMINGTON 
PHILADELPHIA, PA. NEW ORLEANS, LA. CALIFORNIA 
less the States East the Rocky Mountains the Western States and Foreign Countries 


reques! 


TRIPLE THREAT 
AGAINST 


PIPE AND FITTINGS 


Resist acids, salts, chlo- 
many solvents 


Withstand high heat 
(265 degrees plus) 


3 Tough, durable—last for 
years 


Beat the high cost corrosion with 
proven, genuine Haveg pipe 
tings. Pipe highly corrosive fluids 
temperatures high 265 degrees 
with good margin safety! Since 
Haveg not coating lining, the 
possibility contamination elimi- 
nated. 


Haveg moldable, thermosetting 
plastic made mixing acid-digested 
asbestos with special resins. Haveg 
sistant most acids, salts, chlorine, 
many solvents and withstands ex- 
tremely high thermal shock. Haveg 
really triple threat against corrosion! 


Send for 64-page Bul- 
letin F-6. It contains 
complete information 
on Haveg pipe, fittings, 
valves, pumps, cylin- 
drical and rectangular 
tanks, heat exchangers, 
and other corrosion-resistant process 
equipment. Call your Haveg sales en- 
gineer for first-hand facts. 


Factory: Marshaliton, Del. Wilmington 3-8884 


Exchange 3821 Delaware 7-6088 Valley 1610 


CLEVELAND DETROIT 

Washington 1-8700 Broadway 3-0880 
HARTFORD HOUSTON LOS ANGELES 
Hartford6-4250 Jackson 6840 Mutual 1105 


SEATTLE ST. LOUIS 
Hemlock 1351 Hiland 1223 


* A Subsidiary of Continental-Diamond Fibre 
Company. 


SEND FOR 64-PAGE HAVEG BULLETIN 


PUMPS TANKS PIPE 


CORPORATION* 
NEWARK 71, DELAWARE 
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Barco Manufacturing Co., Barrington, 
Ill., has published new bulletin de- 
scribing insulating joints for piping lines 
electrolytic plating, cleaning and 
anodizing tanks used metal working 
industries. The joint provides elec- 
trical insulating barrier pipe with- 
out interfering with its capacity 
efficiency. The joints are often used 
preventing pitting corrosion due 
electrolysis. Joints are available sizes 
from one-quarter inch six inches, 
with temperatures 425 degrees and 
300 psi, 2000 psi for smaller 
sizes. 


Conpor, oil seals and packings made 
leather impregnated with Thiokol are 
being produced the Chicago Rawhide 
Manufacturing Corp. The seal retains 
the good properties leather, yet gives 
proper control porosity. The Thiokol 
impregnant insoluble oil, does not 
melt deteriorate operating tem- 
peratures, flexible and ages well. Con- 
por produced two categories—full 
and limited depth impregnations. each 
category several porosities are available. 
Thiokol made the Thiokol Chemi- 
cal Corp., Trenton, 


e 
Hanson-VanWinkle-Munning 
Matawan, J., has completed experi- 
mental studies the use electro- 
plated films improve the process 
hot galvanizing strip steel protecting 
the treated surfaces the steel prior 
coating. The company 
ments show that film electroplated 
non-ferrous metal can retard and pos- 
sibly prevent the formation harmful 
iron oxide the surface. The new step 
not costly, the firm 

Premier Master Vac, 755 Woodlawn 
Ave., St. Paul Minn. has published 
literature its Model 150 heavy duty 
blower and hand cleaner. The literature 
illustrates blower and accessory tools, 
shows applications and specifications for 
the equipment and pictures kits avail- 
able convert the equipment for spe- 
uses. 

Atlas Powder Co., Industrial Chemicals 
Dept., Wilmington 99, Del. has devel- 
oped new rust inhibiting oil additive. 
Atpet 100, the new inhibitor sorbi- 
tan mono fatty acid ester. shipped 
concentrate for addition the re- 
finer compounder his oil. greater 
degree protection than other non- 
metallic inhibitors and consistently uni- 
form protection claimed. Samples and 
literature are available. 

New Explosion-Proof, dust-tight fluores- 
cent lighting fixtures designated Type 
EVF, have been developed Crouse- 
Hinds Co., Syracuse 10, The new 
flourescent fixtures are designed for use 
wherever the presence explosive gases 
vapors combustible dusts requires 
safe, practical lighting. 

Schori Process Division Ferro-Co. 
Corp., 8-11 43rd Rd., Long Island City, 
Y., announces the manufacture 
crocks made Fiberglas re- 
inforced polyester laminate. 
crocks are 
tural plastic that cannot break crack 
glass and ceramic crocks do, 
claimed. crocks are available from 


stock capacities ranging from 
125 gallons; diameters inches 
inches; heights from inches 
inches. 

Tube Turns, Inc., 224 Broadway 
Louisville Ky., has established 
branch plant 7120 Katy Highway 
Houston. The firm manufactures Tube. 
Turn welding fittings and 

General Ceramics and Steatite Corp 
Chemical Equipment Div., Keasbey 
J., are marketing new ceramics 
high and low alloys, aluminum 
carbon steel. High temperature protec. 
tion against corrosion and erosion and 
the substitution cheaper metals are 
main advantages the 
ings. Samples and prototypes may 
obtained from the company. 

& 

Koppers Co., Inc., will build plastics 
development plant the site its large 
Kobuta: chemical plant. wil! produce 
semi-commercial quantities wide 
variety new plastics. 

Electro-Galvanized tubing bright 
outside surface said the 
turer have unusual corrosion resist- 
ance manufactured Elec- 
tric Products Corp., Center, 
Pittsburgh, Pa. Inside surfaces baked 
aluminum enamel have re- 
sistance wire pulling, tests made 
the firm indicate. Fittings with the same 
finish and corrosion resistance are 
able. 

New Standard Line pressure heat 
exchangers designed pass corrosive 
liquids gases under pressure high 
temperatures through tubes shell 
now being produced Haveg Corp, 
Marshallton, Del. Molded from Haveg 
acid-digested asbestos bonded with 
synthetic resins, the exchangers are 
available sizes from 13% 
inches with single multi-pass in- 
terchangeable heads. Larger sizes 
feet diameter may made for 
coolers and low-pressure heat ex- 
changers. Pressure range the new line 
temperatures 265 degrees Spe- 
cial corrosion resistant 
and fittings are available also. 


Dow-Corning XR-807, silicone based 
resin, which can pigmented 
usual manner, used clear, 
with urea melamine formaldehyde 
resins available from Dow Corning 
Corp., Midland, Mich. The coatings, 
which may air dried baked, are 
any conventional organic finish. Tests 
film integrity, adhesion and weather 
sistance surface temperatures 
750 degrees have been made 
cessfully. Technical data giving 
applications, description, and suggested 
formulation are available. 

Passivation copper and most 
alloys with single dip and rinse process 
easily made with Rossaul Copper 
Brite, the manufacturers 
170 Fifth Ave., New York 
claim. The dip removes oxides and 
sivates the metal that will resist 
oxidation from months, dependent 
toxic, non-fuming, will not 
solder and will not etch. 


(Continued Page 22) 
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The photograph shows INSUL-MASTIC 
lastics TYPE “D” being applied oil tank that 
kept heated retain free flowing viscosity. 
ithin one year after the completed application 
this coating INSUL-MASTIC TYPE 


bricht prevented enough heat from 


escaping from the tank pay for 
eSISt- ; 


the cost the coating. also prevented 


corroding the tank. 
3 


quality corrosion preventive coating 

which add considerable cork. then apply 


replace standard thermal insulation, but 
maintained stops much heat loss 
taver, 

while preventing corrosion. 


vessels where moderate temperatures are 


Applications old fifteen years have 


ass in- never required maintenance. 

Write for further information. 
at eX- 

line 

use at 


vaporseal thermal insulation 


specify INSUL-MASTIC 4010. Our 


technical engineers are available 
corning 

tings, help you with this and other 
ed, coating specifications. 

nce 

‘ests 
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givin ig 
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Menlo Research Laboratory, Box 522, 
Menlo Park, Calif., has developed 
compact new Blacklight Wand, por- 
table, ultraviolet instrument. The “wand” 
used metal products engineering 
and manufacturing firms for leak detec- 
tion and materials flaw crack tests. 
also has many other uses. The “wand” 
weighs only one and three-quarter 
pounds. 

Klem Chemicals, Inc., 14401 
Ave., Dearborn, Mich., has published 
new catalog for use metal proc- 
essors and finishers aid selecting 
correct chemicals for various operations. 
The standard products are 
listed, and the catalog contains com- 
prehensive application chart for surface 
preparation ferrous and non-ferrous 
metals. Klem’s laboratory facilities for 
compounding special chemicals for un- 
usual conditions have also been de- 
scribed. 

Hysol Masonry Paint, new coating 
based Pliolite S-5, synthetic rub- 
ber resin the Goodyear Tire and 
Rubber Co., has been added the group 
coatings manufactured Houghton 
Laboratories, Inc., Olean, The 
paint said provide maximum pro- 
tection against alkali reaction from 
chemicals present concrete and 
masonry, plus effective moisture 
barrier that prevents cracking and flaking. 

e 
Sherwin-Williams Co., Cleveland, Ohio 
constructing plants Venezuela and 
Mexico. The firm already operates plants 
Brazil and Argentina. 

American-Marietta Co., 101 Ontario 
St., Chicago 11, has acquired con- 
trolling interest the Universal Con- 
crete Pipe Co., Columbus, Ohio. The 
firm makes all kinds precast con- 
crete forms, and also makes prestressed 
concrete bridge sections, Tunneliner and 
Lo-Hed pipe. 

e 
Atlas Mineral Products Co., Mertztown, 
Pa., has developed two new types 
rigid polyvinyl chloride pipe and pipe 
fittings. One new product 
have high chemical resistance, and the 
other high impact strength. The pipes 
are available sizes from one-half inch 
four inches. Molded fittings are avail- 
able sizes from one-half inch four 
inches. Molded fittings are available for 
pipe inches IPS and fabricated 
fittings are available for larger sized pipe. 
The high chemical resistant pipe will 
marketed under the name Ampcoflex, 
and the high impact pipe under the 
name, Pee Vee Cee. 


North American Philips Co., Inc., 750 
Fulton Ave., Mt. Vernon, Y., 
producer new “Norelco” flat plate 
camera, designed especially provide 
high degree utility meeting present- 
day needs X-ray diffractionists. Major 
metals. 

Reprints material published Cor- 
rosion are usually made only order. 
Tentative prices may obtained from 
Corrosion, 1061 Bldg., Houston 
Texas. 
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Samuel Bosley has been appointed 
Petroleum Industry Specialist 
Owens-Corning Fiberglas Corp. For five 
years the company’s Tulsa branch man- 
ager, will remain Tulsa but will 
cover Northern Texas, Louisiana and 
Oklahoma. 

William Gerstacker has been ap- 
pointed chief engineer Heil Process 
Corp., Cleveland. 

Otto Wheeley has been named South- 
ern District Sales Manager for the Tar 
Products Division Koppers Co., Inc. 
formerly was assistant district man- 
ager with headquarters Birmingham, 
Alabama. 

Sam McWhorter has joined Lithcote 
New York City, chemical 
engineer. 

Norman Hackerman, professor chem- 
istry the University Texas has been 
named consultant hydrogen bomb 
production for the Atomic Energy Com- 
mission. 

Clayton Heintz has been named man- 
ager distribution Cooper Alloy 
Foundry Co., Hillside, 

Arvin Harrington now sales rep- 
resentative for Carpenter Steel Com- 
pany’s Alloy Tube Division metro- 
politan New York. 

* 
Frank Hodnick has been named 
ceramic research enginer Solar Air- 
craft Company. will study utility 
type coatings protect low alloy steel 
against corrosion. 


e 
Edward Platz, Jr., Lebanon Steel 
Foundry, Lebanon, Pa., the new chair- 
man the Alloy Casting Institute’s pub- 
lic relations committe. Ruprecht, 
Electro-Alloys Division, American Brake 
Shoe Co., Elyria, Ohio and Brad 
Evans, Empire Steel Castings, Inc., 
Reading, Pa., are committee members. 

Stratton has been appointed 
Services Incorporated’s Design Div. Mr. 
Stratton will supervise all Ebasco design 
and drafting activities. another ap- 
pointment Canfield was made as- 
sistant construction manager the 
Construction Div. Ebasco Services 
Inc. will responsible for coordi- 
nating all functions relating the engi- 
neering, construction and business con- 
sulting firm’s New York office construc- 
tion activities. 

e 
William Thomas, formerly general 
sales manager, has been appointed gen- 
eral manager the Tubular Products 
Div., The Babcock Wilcox Co., and 
Paul Utnehmer, works manager, has 
been named the board directors 
the division. 


Leon Wheatley has been named vice- 
president the Hollingshead 


Corp., according announcement 
Wilbur Norton, president the firm. 


Froblom will specialize the sales 
and service atmosphere fur- 
naces his new job with the James 
Knapp Company, Los Angeles, Calif. 


Henry Earle, Jr., has been 
sales manager The Annin Company 
Los Angeles, manufacturers 
valves. 
Herbert Sherertz, Greensboro, 
has been named assistant textile research 
representative American Viscoe Cor. 
poration’s acetate plant Meadville, 


Harry Holstrum, since 1924 with 
public Creosoting Co. and Reilly Tar 
Chemical Corp., Minneapolis, Minn., has 
been named plant manager. 

Albert Anderson and Philip Bjork. 
man, Cal-Seal Co., No. Sutter 
Room 504, San Francisco, now represent 
Protective Coatings, Inc. Tampa, 
Fla., and Cleveland, Ohio, the states 
California, Arizona, and 
Washington. John Taylor, 2425 
Farragut Ave., Chicago will represent 
the firm the northern part 


most Wisconsin and the tip 
Michigan. 

Bennett, 57, vice and 
director Union Producing Company 
United Gas Pipe Line Co., dicd Av- 
gust heart attack while golf 
the Shreveport Country Club. 
Bennett formerly lived while 
was executive with the Mills- 
Bennett Producing Company 
years. had held various executive 
positions producing departments 
the oil and gas industry the last 
years. was member NACE 
and several other technical 
organizations. 

Julius Harwood has been 
Head the Metallurgy Branch the 
Office Naval Research, Navy Depart- 
ment. Mr. Harwood replaces Dr. 
Marzke who has returned the Nava 
Research Laboratory Associate Di- 
rector. Mr. Harwood has been with the 
Office Naval Research since 1946 
during the past several years has served 
successively Assistant Head 
Deputy Head the Metallurgy Branch. 

Appointment three department heads 
well other appointments was an- 
nounced Dr. Karl Cohen, vice-presi- 
dent Walter Kidde Nuclear Labora- 
tories, Inc. The new department heads 
were: Dr. Cecil Ellis, Research De- 
partment, Laboratory Division; 
Byrnes, Engineering Department, Lab- 
oratory Division; and Karl 
Theoretical Department, Development 
Division. 


Sullivan, assitant works 
the Tubular Products Division the 
Babcock Wilcox Co., Beaver 
Pa. has been transferred the 
pany’s Boiler Division regional 
manager. 

e 


trial insulations sales manager 
Corning Fiberglas Corp., Ohio, 
has been named vice-president «nd 
eral manager the Fiberglas 


ing and Supply Co., Ohio 
succeeds Lee Reeder who has 
resigned. 

& 
search director has been directo! 
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(Continued from Page 22) 

for all divisions the Flint- 
Co. will make his offices the 
research laboratory Whip- 
panny, N. ye 

manager the application 
Dept. the Bristol Co., 
Waterbury, Conn. has been announced. 
Mr, Sanford will continue make his 
was made general sales manager the 
company. 

Coddington has been appointed 
the president The Car- 
Co., the firm’s Alloy Tube 
Division, Union, Mr. Coddington 
had been manager sales since 1945, 
and had been active the steel industry 
for more than years. William 
Staples, rmerly assistant manager 
was the post formerly 
held Coddington. 

e 
John Stobie, Jr., sales engineer the 
Chicago home plant Apex Smelting 
has been transferred the com- 
new million-dollar Los Angeles 

appointed field representative for the 
Southeastern and Southwestern states 
the Alloy Rods Co., York, Pa., manu- 
facturer alloy welding electrodes. 


Mr. Reed will make his headquarters 


Houston. 

a 
The Co. Milwaukee, 
has appointed manufacturers 
the McCulley Co., 
Neb. Cleaver-Brooks manufac- 
sequipment for generating and using 
heat. 

the Protective Coatings Div. the 
Coke and Chemical Co., 
Mr. Trusler will work 
New York City, and Mr. Maddox 
\tlanta, Ga. The firm markets tar base 
line enamels, cold applied tar base 
and other special types in- 
lustrial protective coatings and finishes. 

Recent changes have been made the 
Leo Steck, marketing vice 
president Shell Chemical Corpora- 
manager Chicago, takes 
lew duties sales manager for the 
Julius Hyman Company 
Denver, Colo. Robbins, for- 
district manager St. Louis, re- 
ces Mr. Lawler. Lowrey, for- 
manager the Eastern Division 
district manager St. Louis. 
goes San Francisco West- 
Division chemical products manager. 
Mooney has become man- 
marketing’s new employee de- 
formerly assistant Mr. Steck, 
assistant the sales man- 


Shell Chemical’s Eastern divi- 


NACE NEWS 


RUBBER LININGS 


... that’s the answer! 


Complete ventilation systems ARco engi- 


neered, fabricated and installed can alleviate 


your corrosive fumes problem efficiently and eco- 


nomically. ARco know-how, based years expe- 


rience the chemical field, your assurance 


rubber insulated equipment equal your 


whether your problem processing, transportation, 


ventilation, storage production. 


Your conference with ARco Engineer will 


good investment protection for your equip- 
for your profits! 


SEND FOR THIS 
VALUABLE INFOR- 
MATION TODAY! 


Literature showing 
ARco rubber applica- 
tions to ‘equipment, 
parts and_installa- 
tions in every indus- 
trial field. Write to- 
day—see the economy, 
efficiency and quality 
ARco offers your 
operation. 


SERVICE 
UNITS 


ARco Engineers bring complete techni- 
cal know-how right into your plant. Perma- 
nent installations equipment too large 
move can fabricated and covered 
the job ARco Field Service 
Units. 


DIVISION AUTOMOTIVE RUBBER CO., INC. 


4033 Homestead Road Houston, Texas 
APPLICATORS AMERCOAT PROTECTIVE COATINGS 


DESIGNERS ENGINEERS 


COATINGS 
VINYLITE 


with the give that can take 


must when formulating 
coatings for milk processors and other 
equipment subject rapid heating and 
quick cooling. 

Such frequent wide temperature 
changes are rough ordinary paints. 
However, coatings based VINYLITE 
Brand Resins just move with the metal, 
expanding and contracting the amount 
needed adhering tenaciously. 

Moreover, they are highly wear- 
resistant, and can take the constant 
washing and scrubbing required food 
plants, and the scuffs and bumps 
people, tools and equipment. 
Resin coatings are highly chemical-re- 
chlorine solutions, acids 
And, they can colored practically 
any shade deep tone desired for prod- 
uct identification equipment coding. 


matter what you coat—dairy 
equipment, tank cars, oil refineries, ma- 
rine installations, chemical plants— 
Resin coatings bring out- 
standing results wherever surfaces are 
exposed rough treatment, chemicals, 
salt water, industrial gases. Properly 
applied, they stay put metal, con- 
crete, masonry without cracking, chip- 
ping, peeling fading. 

You can improve performance well 
cut costs using coatings based 
one the many VINYLITE 
Resins. Write Dept. QF-69 for folder 
giving case histories severe coating 
applications. 


Photo shows milk plant equipment made by Cherry- 
Burrell Corporation, Chicago 6, Ill., and coated 
with Vinyuire Resin coatings in Cherry-Burrell 
Blue. Coatings were prepared by Stoner-Mudge, 
Inc., Pittsburgh 33, Pa, 


Case Histories 
Prove Performance 


BAKELITE Resin Floor finishes 
based BAKELITE Resins provide extreme wear 
resistance that minimizes maintenance costs, 
typica! case history has been the gymnasium floor 
the Sewickley (Pa.) High School 
rough daily service and other 
school dances. Yet, four years after 
being coated with air-drying varnish based 
BAKELITE Resin, still maintained its 
trous surface. touch-up had been 
either. And, the stripes and markings applied be. 
fore the BAKELITE Resin coating were 
sharp and new-looking when 


Special-purpose Industrial Coatings 
—Very few industrial coating are 
identical. Minute changes 
can make tremendous difference 
faction. Coatings for water 
units are excellent example. 
specially- formulated BAKELITE bak- 
ing system provided not only the 
normally required for metal but 
also protected pipes and tanks against 
trical leakage and the corrosive 
ozone. 


VINYLITE Resin Coatings for Railway Equip- 
ment Normal service conditions are tough 
industrial coatings! Add the prob- 
lems that railroad freight cars vibration, 
weather variations, pounding with sledge 
mers loosen loads...and takes top perform- 
ance for coating stand up. Despite this rough 
and tough treatment, freight cars the 
Central Railroad, protected with VINYLITE Resin 
coatings, took this treatment plus rain, heat, cold, 
sun, corrosive loads and fumes for over six 
the coatings were still good condition! 


Structural Finishes for Corrosion- 
Erosion Resistance Another 
how well BAKELITE Resins solve 
cult coating problems was the painting 
structural steel work river locks and dams 
the Monongahela River. Acid pollution 
and flow silt had developed serious com- 
bination costly corrosion and erosion. Re- 
ports stated “ordinary paints are little 
value preventing corrosion and 
der the conditions After seven 
years’ research and testing, the 
charge determined that pigmented 
phenolic resin coatings were superior an) 
other for this use. 
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Page 


Methods and Tests..... 


CORROSION PHENOMENA 


Biological Effects 
Chemical Effects 


MEASURES 


Metallic Coatings 
Non-Metallic Coatings and 


Oil and Grease Coatings......... 
Inhibitors and Passivators........ 216a 


Surface Treatment .............. 
CONSTRUCTION 
Ferrous Metals and Alloys........ 
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228a 
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Non-Metallic Materials 233a 
Valves, Pipes and Meters........ 236a 
Pumps, Compressors, Propellers, 
236a 
Electrical, Telephone and Radio. 
240a 


GENERAL 


1.7 Organized Studies 
Corrosion 


Cooperative Corrosion Protection Ben- 
efits Miami Utilities. 
Corrosion, No. (News Section) 
(1953) June. 

Through the Greater Miami Corrosion 
Control Committee, the principal opera- 
tors underground utility plants the 
Miami, Florida area cooperatively pro- 
tect their plants. The telephone com- 
pany, gas company, and water utility 
contribute joint operation cathodic 
protection system and cooperate elec- 
trolysis surveys 4898 


TESTING 


Laboratory Methods 
and Tests 


2.3.7 

New Laboratory for Durability Stud- 
ies Protective Coatings. Org. Finish- 
ing, 12, No. 16-17 (1951) May. 

laboratory, designed and 
constructed the Building Technology 
Division the National 
Standards, was developed primarily for 
studying organic coating materials, such 
as, asphalts, tars, and paints, meet the 
requirements most materials exposed 
weathering. actual weathering ex- 


AER—Aeronautical Engineering Review, Institute 
of Aeronautical Sciences, Inc, 2 East 64th 
St., New York 21, N. Y. 

ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. Box 84, Kingston, Ontario. 

AWWA—Journal, American Water Works Associ- 
ation, Amer. Water Works Assoc., 521 Fifth 
Ave., New York 17, N. Y. 

BL—Current Technical Literature, Bell Telephone 
Laboratories, Inc., Murray Hi ee 

BTR—Battelle Technical Review, Battelle Memo- 
rial Institute, 505 King Ave., Columbus 1, 


Ohio. 
BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association. 81-91 Euston St., London 
NW 1, England. 
CALCO—Calco Chemical Division, American Cy- 
anamid Corp. Bound Brook, New Jersey. 
CE—Chemical_ Engineering, McGraw Hill Publish- 
ing Co, 330 W. 42nd St., New York 18, N. Y. 
CEC—Consolidated Edison Co. of New York, Inc. 
4 Irving Place, New York 3, New York, 
EL—Electroplating. 83/85 Udney Park Road, 
Teddington, Middlesex, England. 
World, McGraw-Hill Publishing 
330 42nd New York 18, 
ec dane Petroleum ‘Corp. of California, 2525 
East 37th St., Los Angeles 11, Calif, 
INCO—The laternationol Nickel Co., Inc. 67 Wall 
Street, New York 5, New York. 
London W#1, England. 
JSPS—Japan Society for the Promotion Science, 
Address: Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, ¢/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguro-ku, 
Tokyo, Japan. 


CODE AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


Technical Articles Abstracted 


CORROSION ABSTRACTS 


May Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
West 39th Street, New York 18, 


CARNEGIE LIBRARY PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 
NEW YORK PUBLIC LIBRARY, New 

York City. 


LIBRARY, Office Librarian, Wash- 
ington, (Special forms must 
secured). 


LIBRARY CONGRESS 
Washington, 


JOHN CRERAR LIBRARY 
East Randolph St., 
Chicago Ili. 


Persons who wish secure copies 
articles when original sources are un- 
available, may apply directly any 
the above for copies. Full reference in- 
formation should accompany request. The 
National Association Corrosion Engi- 
neers offers warranty any nature 
concerning these sources, and publishes 
the names for information only. 

NACE will NOT accept orders for 
photoprint microfilm copies ma- 
terial not published the association. 


MA—Metallurgical Abstracts, Institute of Metals, 
London, England. 4 Grosvenor Gardens, Lon- 
don SW 1, England. 

Mi—Metallurgia Italian. Associazone Italiana 
di Metallurgia. Via S. Paola, 10, Milano, 
Italia. 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. Supt. of Doc- 
uments, U. S. Gov't Printing Office, Wash- 
ington 25, D. C. 

NSA—Nuclear Science Abstracts. United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn. 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

RA—Refrigeration Abstracts, American Society of 
Refrigeration — 40 West 40th St., 
New York 18, 

RM—Revue de Meadbenaia, Paris, France, 5 Cite 
Pigalle, Paris (9e), France. 

RPI—Review of Current Literature Relating to the 
Paint, Colour, Varnish and Allied Industries, 
Research Association of British Paint, Colour 
& Varnish Manufacturers, London. Walde- 
grave Rd., Teddington, Middlesex, 

SE—Stahi Und Eisen, Verlag Stahleisen, M. B. H., 
Dusseldorf, August-Thyssen Str. Posts- 
check Koln 4110, (22a) Dusseldorf, Germany. 

TIME—Transactions Institute Marine Engi- 
neers. 85 The Minories, London EC 3, England. 

UOP—Universal Products. 310 South Michigan 
Ave., Chicago, Illinois. 

ZDA—Zinc Development Association. 
House, Turl Street, Oxford, England, 


Lincoln 


RK 


posure deck has also been constructed 
the roof the laboratory where iden- 
tical materials are thus exposed concur- 
rently the controlled lab and the 
roof. Data from these studies should 
provide some statistical correlation be- 
tween outdoor weathering the Washing- 
ton, C., area and accelerated durability 
testing each the several types 
machines.—INCO. 4819 


2.3.2, 5.4.5 


The Vila Method for Short Period 
Testing Antirust Coatings Compared 
with the Salt Spray and the Tropical 
LAURELL. Statens Provningsanstalt, Report 
No. 106, 1949 (In Swedish); and 
Steel Inst., 168, Part 432-433 (1951) 
Aug. 

The protective value four paint 
schemes steel plates was assessed and 
compared using the Vila short-time cor- 
rosion testing apparatus. This test ap- 
pears effective grading paints 
one type, but the salt-spray test, which 
much cheaper, more suitable for 
comparing paints different types. Paint 
coatings easily affected water can 
tested reasonably short time 
“tropical but would take 
very long time test more permanent 
paints this way.—INCO. 4738 


5.4.5, 2.2.2 

ures pigments vernis, 27, No. 417-424 
(1951). 

Conclusions reached various test- 
ing the effectiveness 
accelerated testing (in particular weath- 
ering) techniques are reviewed. Acceler- 
ated weathering not exact method 
for determining the probable durability 
possible reproduce exactly the varia- 
tions conditions encountered natu- 
ral weathering the same modes 
breakdown. Accelerated techniques are 
inferior statistically interpreted natu- 
ral weathering results, but are useful for 
comparison materials similar com- 
position.—R PI. 4936 


2.3.2, 5.4.8 


Accelerated Testing for Anti-Fouling 
Paints. Farbe Lack, 57, No. 
139-149 (1951). 

The paper presents two accelerated 
sea-water leaching tests for anti-fouling 
compositions, The plate under test 
either continuously sprayed 
water for certain period, the spraying 
device and centrifugal pump being made 
glass, the plate rotated water. 
The water tested subsequently for 
copper and mercury with organic reagents 
such diethyl dithiocarbamate and di- 
thizone. detailed description the 
apparatus, procedure and evaluation 
4934 


2.3.2, 5.9.1 


Cleaning and Preparation Metals 
for Electroplating—Degreasing Evalua- 
tion Tests: Sequential Testing. 
Nos. 11, 12; 847-855, 1157-1160, 1263- 
1266 (1951) Aug., Nov., Dec.: 39, 
No. 55-63 (1952) Jan. 

Object this phase the project 
was compare the performance vari- 
ous degreasing-evaluation tests and 
obtain measure their sensitivities 
means sequential testing. this type 
testing, panel consecutively ex- 


208a 


ASSOCIATION CORROSION ENGINEERS 


amined series tests. Several 
testing series are required. The relative 
sensitivity the tests detecting resid- 
ual soil after alkaline cleaning fol- 
lows: atomizer fluorescent dye spray 
pattern (water-break) potassium fer- 
rocyanide paper copper sulfate dip. 
Results tests are discussed. Tables and 
references are 4775 


2.3.4 


New Reagent Papers for Testing Po- 
rosity and for Identifying Metals. 
B113 (1951). 

Various reagent papers have been pro- 
duced for the testing porosity and for 
identifying metals. Paper impregnated 
with dimethyl glyoxime, when moistened 
with water, reacts with metallic nickel 
few minutes. test paper dithi- 
zone, moistened with organic solvent, 
gives raspberry red color with zinc and 
orange color with cadmium. Zinc and 
magnesium are detected their power 
reduce dyestuffs. Neutral-red paper, 
moistened with water, becomes yellow 
few seconds contact with magne- 
sium metal. Methylene blue paper, mois- 
tened with dilute hydrochloric acid, 
bleached zinc. Eriochromcyanine pa- 
per develops bright reddish-purple spots 
contact with aluminum. The use 
these test papers requires special 
knowledge skill, and does not con- 
sume any metal. Test papers can used 
detect and check anode reversal and its 
undesirable consequences; another use 
the sorting mixed scrap metal. 

The porosity nickel plating iron 
has been tested hitherto almost exclu- 
sively ferroxyl solution potas- 
sium ferricyanide and sodium chloride). 
The ferricyanide reacts with divalent 
iron solution give Turnbull’s blue; 
the presence salt which has slight 
corrosive action iron necessary 
order bring the iron into solution. 
The solution also attacks nickel and blue 
spots are formed which interfere with 
the iron reaction, that the test not 
satisfactory. test paper impregnated 
with (Porotest 
gives better results, using organic 
solvent. bluish-green color obtained 
with ferrous iron, The presence pores 
nickel tin deposit shown five 
minutes the formation bluish-black 
spots. The nickel deposit scarcely at- 
tacked. Corrosion tests nickel, iron 
and tin plated strips suspended fer- 
roxyl and con- 
firm these results. 

The porosity silver deposits can 
investigated with dimethylglyoxime paper 
using nickel undercoat. The po- 
rosity silver deposits brass and copper 
can investigated with haematoxylin 
test paper (Porotest this paper can 
also used for copper brass deposits 


4787 


2.3.5, 2.4.2 


Rotogenerative Detection Corro- 
Francis. Armour Research Foundation, 
Chicago. National Advisory Com- 
mittee for Aeronautics, Technical Note 
No. 2523. November 1951. 

new rotogenerative technique for 
studying corrosion phenomena de- 
scribed. The method permits the detec- 
tion and location galvanic currents 
produced local corrosion cells. For 
the investigation stress-corrosion, 
hollow cylindrical specimen 


Vol.9 


several hundred revolutions per mip. 
ute the corrosion medium. 
hydraulic oil pressure provides the 
sired stress level the walls the 
ing specimen. small reference electrode 
positioned near the specimen 
possible scan the surface the 
applied, together with syp. 
chronized sweep voltage, osciilo. 
scope. The resulting standing 
produced the oscilloscope screen 


chron 
mium 
0 1 4! 


rents flowing between the 


local cells. appreciable drag effect 
exists the rotational speeds used, 
With this method, the corroding po- 
tential need not constant: gradual 
drift the specimen’s d-c will 
not detected the system 
The a-c signal, however, 
ily the condenser wher 
speeds several hundred per 
minute are used. 


The rotogenerative can 
used with electrolytes 
tems whose local cells possess 
ical dimensions. The principal this 
rosion currents, provided they produce 
potential field around the tip 
electrode, even when the precise 


tion anodic and cathodic not Pha 
known beforehand. This may 
value not only stress cor- 
rosion but investigating inhibitor The 
4784 
2 he Sé 

2.3.5, 2.4.2, 5.4.5 
Apparatus for the Rapid Measurement 


Pitture vernici, No. 31-35 (1951) 


portable apparatus for the 
current flow across paint film 
tecting metal surface, under 


conditions. From the values 
change with time, conclusions can 
reached the efficiency the film 
corrosion-resistant 


2.3.5, 5:4.5 


Electrochemical Measurements with 
Ind. della Vernice, 
148-151 (1951). 

The use current-time and potential 
systems for evaluating the corrosion 


the metal readily corroded, the 
ence insoluble corrosion products 
ders the results equivocal value. It's 

electrode solution the metal Rec 
presented, the coating being 


alkyd resin and plasticized and 
ticized ethyl cellulose. 
curves for the systems are 


face Films Used for the 
Metallic Alloys: Application 
aeronaut., No. 22, 27-31 

chromium diffusion layers 
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surement 
Painted 
ven 


surement 


film pro- 
standard 


film 


nts with 


electrode 


surfaces such are produced 
The accuracy the method 
the analysis iron-chromium alloys 
10-50% chromium demon- 
and claimed that con- 


successive electropolishing treat- 


aceticperchloric acid electrolyte 
spectrographic analysis, the 
penetration can determined 


penetration curves obtained 
this technique iron containing 
carbon and steels containing 0.1, 
and 1.2% carbon are presented and 


3.4.6 


Investigation Oxidation and Cor- 
Processes Metal Surfaces 
the Measurement Contact Potentials. 
319-323 (1950); Physics Abs., 54, 

The time-variation contact poten- 
was measured Kelvin’s method 
znic, iron, lead, and Dural- 
min, and characteristic variations were 


this way the corrosion and 


metals gases and vapors 


xide growth was 


4791 


23.6, 3.7.1 
Metallography. 


Metallurgia (England), 44, 
262, 97-102 (1951) Aug, 


The phase-contrast microscope de- 
and its metallurgical application 


are given showing 


small differences surface level. 
microscope used for two main 
revealing more detail 
seen under normal illumina- 
tion. the first instance, light and dark 
parallel the rolling direction 
ere noted heat-treated aluminum- 
alloy. The possibility exists 
that these lamellae were due uneven 
caused uneven concentra- 
ion magnesium across the section 
rolled sheet. This would not have 


cold worked material can 


re- 


Where 
the pres- 
ble 


silver 
ution are 
being 


of Sur- 
ection 


reveiled use the phase-contrast 
Structures containing two 
nore phases are often found where there 
little contrast between the second 
and the matrix. Viewed the 
obtained, making the second 
particles easily visible. Owing 
difficulties, the microscope 
much use the routine ex- 
metallic specimens.—A LL. 

4835 
23.6, 3.7.1 


Recent Developments Metallog- 


(England), 79, Nos. 2,3,4 and 23- 
71-73, 111-113, 131-133 (1951) 
13, 20, 27, Aug. 10. 

This outline the advances 
have been made the twe fields 
preparation and apparatus 
ide Phase contrast microscopy, the re- 


microscope, use polarized 


Recherche 3 


ration 
jron and 


and microhardness testing. Speci- 
and usually mounting 
polishing the use lead 
and diamond dust 


has been advocated. The re- 


microscope has two advantages 


CORROSION ABSTRACTS 


over the normal microscope: greater 
working distance and the fact that 
achromatic. Polarized light reveals grain 
structure, detects preferred orientation 
and serves for examination oxide 
coating. used detection inter- 
nal strains and plastic deformation, 
identification phases multiphase 
structures and identification non- 
metallic inclusions. The electronmicro- 
scope has three advantages over the light 
microscope: increased resolving power: 
greater depth focus and ability 
give information regarding the surface 
topography; the only disadvantage being 
that replica technique has used. 
Micro-hardness testing used for test- 
ing thin metal foil and very fine wire, 
determination the hardness elec- 
trodeposited coatings and studying dif- 
fusion and age-hardening techniques.— 
4859 


2.3.7 


Color Effects Electrographic Print- 
ing. Paint and Varnish 
Production, 41, No. 19-21, (1951) 
Sept. 

Describes the development the above 
for paint metals. also allows new 
approach the study corrosion. 
Tests made coatings over base and 
phosphate-treated steels are given. Mi- 
4884 


2.3.7, 5.4.5., 2.2.5, 2.3.2 


Rate Erosion, Hardness and Abra- 
sion Resistance Drying Oil Films. 
Oil Chem. 114, 10, 12-14, 38, 40, 
42-43 (1951) Nov. 22. 

Describes testing procedure and re- 
sults tests pure paint vehicles and 
pigmented compounds prepared for the 
testing program the Federation 
Paint and Varnish Production Clubs. 
Data are 4748 


2.3.9, 2.4.3 


The Detection Internal Faults with 
the Help Ultrasonic Images. 
MAN. Corrosion Industries, 26, 
No. 314, 410-414 (1951). 

account given the method 
ultrasonic examination “translumi- 
nous” metal objects irradiation with 
ultrasonic beam focused 
lenses. The image rendered visible 
special transparent cell containing 
light oil which reflective platelets 
aluminum are suspended. These are 
oriented the wave fronts when traversed 
the beam, and thus illumination 
from outside the cell form visible 
Advantages and limitations the method 
are 4888 


2.3.9, 2.4.3, 8.8.5 


Xeroradiography Can Cut X-Ray In- 
WENK. Battelle Memorial Institute. 
Age, 168, No. 22, 86-89 (1951) Nov. 29. 

When the metal working industry 
swings into defense production, the use 
structive test increases tremendously. 
Radiographic inspection insurance 
against service failures, malfunction- 
ing vital equipment. Xeroradiography, 
novel form radiography, developed 
Battelle Memorial Institute, offers 
several advantages over conventional 
radiographic inspection methods. The 
dry process. wet processing 


chemical solutions are required de- 
velop the X-ray images, Dry pigments 
may used reveal the image after 
X-ray exposure. Certain materials, such 
one form selenium, are normally 
good insulators. When irradiated with 
X-rays, however, they become relatively 
good conductors electricity. This re- 
sponse radiation the basis 
xeroradiography. Plates are 
peatedly and are not spoiled acci- 
dental exposure light, X-rays, 
nuclear radiation. The image may 
quickly developed simple method 
and transferred another surface, 
duce permanent record. Initial tests 
showed that, with proper exposure, con- 
trast sensitivities could ob- 
tained throughout wide range ma- 
terials 4867 


2.3.9, 3.2.3, 3.8.4 


Electron-Diffraction Study the 
Structure Long-Chain Polar Com- 
pounds Metal Surfaces. JoHN VEYSEY 
Abs. Dissert. Univ. Cambridge, 
1949, 1950, 1951, 204-205. 

The orientation monolayers long- 
chain aliphatic acids metal surfaces 
was studied electron-diffraction meth- 
ods. Changes orientation were pro- 
duced heating the metals. Disorien- 
tation temperature which the ab- 
sorbed monolayer lost its preferred 
orientation were determined. For fatty 
acids, depends upon the metal sub- 
strate, and the method preparation 
the monolayer. Anomalous results 
the lubrication metals esters are 
due little free acid formed hy- 
drolysis. near the melting point 
the bulk material which the mono- 
layer composed, and corresponds well 
with the temperature which bound- 
ary lubrication 4942 


2.4 Instrumentation 


2.4.2, 2.3.7 


Paint Coating Thickness Meters. Part 
and II. Paint Manufac- 
ture, 21, 357-362 (1951) Oct.; ibid, 22, 
5-9, (1952) Jan. 

Reviews types meter currently avail- 
able for measurement the thickness 
paint films various bases. De- 
scribes the principles which these 
instruments are designed and their fields 
usefulness, discusses their advantages 
and limitations, and deals briefly with 
problems encountered this field and 
progress towards their solution. 

Part deals with penetrometers, wet- 
film thickness gages, electrical capacity, 
meters.—BLR. 

4912 
2.4.3, 6.5 


Experiences the Routine Non-De- 
structive Testing Metals. (In German) 
Mayer. Metall, Nos. 15/16, 331- 
334 (1951) Aug. 

Experience obtained during 1942-1945 
routine examination aluminum, 
copper and alloys with the Duro- 
kawimeter and other instruments (based 
electro-magnetic induction) devel- 
oped Dr. 4921 


2.4.3, 2.3.9 

Theoretical and Practical Sensitivity 
AND Non-Destructive Test- 
ing, 10, No. 10-21 (1951). 

The factors controlling sensitivity 


flaw detection fluoroscopy are dis- 
cussed detail, with particular refer- 
ence the theoretical aspects. Graphs 
and tables show: the minimum defect 
discernibility for different image mag- 
nifications, the brightness various 
fluoroscopic screens for two kilovoltages, 
the relation between screen brightness 
and kilovoltage, values image un- 
sharpness for these same fluoroscopic 
screens, the resistance X-ray bar- 
rier windows lead glass discolora- 
tion, the relative X-ray absorptions 
for lead glass and liquid X-ray barriers, 
penetrometer sensitivities obtainable 
the fluoroscopic inspection mag- 
nesium and aluminum, the minimum 
observable defect size function 
contrast, and the relation between 
minimum size observable defect, focal 
spot size, and screen brightness. The 
optimum screen brightness level 1.0 
millilambert, which 100-10,000 times 
brighter than that normally used. Other 
desirable features fluoroscopic equip- 
ment are stated. claimed that with 
these features, which include rotating- 
anode tube (intended for intermittent 
service), penetrometer sensitivities ob- 
tainable for aluminum and magnesium 
alloys are four times superior 
those obtained with normal equipment 
intended for industrial fluoroscopy. 
4877 


CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Forms 


3.2.2, 1.7.2. 


Climatic Testing for Export Finishes. 
Product Finishing (London), No. 
64-69 (1951). 

The climate south-west Florida and 
the facilities available for exposure test- 
ing Miami are discussed. Such test- 
ing gives rapid indication perform- 
ance under tropical 

4906 
3.2.2,54.2, 3.5.9 


Ceramic Coatings for Prevention 
Carbon Adsorption Four Heat-Resist- 
Moore. National Advisory Committee 
for Aeronautics, Technical Note 2572, Dec. 
1951, pages. 

Three ceramic coatings were applied 
Inconel and three 18-8 type stainless 
steels and then tested for their effective- 
ness carbon adsorption 
under strongly carburizing conditions, 
that is, box carburizing. 1350° 
carbon pickup occurred after the 4-hr. 
treatment but, 1500° and 1650° F., 
carbide precipitation was evident the 
uncoated stabilized 18-8 steels extend- 
ing down from the surface depth 
great 0.007 in. most cases the 
ceramic coatings completely prevented 
the adsorption. Tables, graphs, and pho- 
tomicrographs. references—BLR. 

4866 


3.2.3, 5.7.4 


Making Metal Powders Moisture-Re- 
pellent Protection Against Corrosion. 
Nauk 72, 1075-1078 (1950) 
Chem. Zentr., No. 23, 3257-3258 (1951) 
Bibliog. Ind. Diamond 
590 (1951). 

important problem powder met- 
allurgy the protection powder 
against corrosion contained moisture. 


210a 
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attempt made solve this 
forming moisture-repellent film the 
particles through addition stabilizers 
the wash medium after electrolysis, 
e.g., compounds containing aliphatic and 
aromatic groups, oleic and anthranilic 
acids, sodium oleate and other soaps, 
thiocresol, Vaseline solution, etc. Copper 
powder from the electrolysis acid 
copper sulfate solution was washed with 
distilled water containing 
bilizing additions and dried. Water re- 
pellency was determined the degree 
wettability water, acid alka- 
line solutions, and the stabilizing effect 
corrosion tests after 24-hr. treatment 
with water vapor. Good results are re- 
corded. some cases after treating 
with soap solutions, corrosion resistance 
increased times, and change 
appearance occurred storing for 
twelve months, Optimum addition 
such stabilizer important, the 
dispersing effect breaking agglom- 
erates powder. The finer the powder, 
the more marked the effect.—RPI. 
4785 


3.3 Biological Effects 


Proceedings Wrightsville Beach Ma- 
rine Conference. pp. 1951. National 
Academy Sciency—National Research 
Council, Washington, 

Symposium primarily the marine- 
borer problem relation wood de- 
terioration, with one paper concrete 
piles and their protection. Tables dia- 
grams, photographs, 


BTR. 4798 


3.3.4, 7.4.2, 6.3.6, 6.2.1 


Bacterial Corrosion Construction 
Engr., 39, No. 190-196 (1951). 

Causes bacterial corrosion and the 
mechanism attack are discussed. Cor- 
rosion horizontal brass condenser 
tubes power-house was due 
species bacteria known 
which produces ammonia from organic 
polluted with organic matter was left 
stagnant the pipes, and the ammonia 
produced accelerated Exam- 
ples attack ferrous materials are 
also described.—MA. 4833 


3.3.4, 8.3.5, 5.4.8 


Cause and Cure Fungi. MINICH. 
Can. Paint Varnish Mag., 25, No. 
24+ (1951). 

Moisture the main factor favoring 
mildew development. For painting food 
plants, such dairies, combination 
antiseptic wash and fungicidal paint 
advocated.—RPI. 4946 


3.3.4, 8.9.5, 4.6.11 


Ship Corrosion Due Bacterial Ac- 
tion. Trans. North East 
Coast Inst. Engrs. Shipbuilders, 68, No. 
93-106 (1951) Dec., discussion, ibid, 
68, No. D23-D32 (1952) Feb.; Brit. 
Shipbuilding Res. Assoc., No. 67-68 
(1952). 

reducing bacteria occurs essentially un- 
der anaerobic conditions, i.e. the absence 
oxygen. The corrosion product not 
rust but contains black sulphide iron. 
somewhat paradoxical find cor- 
rosion most severe character occur- 
ring environment from which oxygen 


virtually excluded. the case 
ship corrosion which forms the basis 
this paper, such anaerobic 
would attained due the fact 
the hull the vessel below the 
line was encased for several weeks 
thick deposit mud which 
ble the location the vessel and 
movement while rested the mud 
bank and the flow water carrying 
suspended mud. This coating mud 
was likely attached most easily 
projecting surfaces the plates and 
rivet points and view its 
and adhesive nature would exclude 

gen from the encased metal 
The explanation metallic 
under anaerobic conditions found 
the activity certain micro-organism 
These are the sulphate-reducing bacter 
which are found almost every type off 
soil and natural water. These 
frequently cause the destruction 
steel and iron water-pipes and their 


ged 


tivities are now well wate 


engineers. Much work has 
out investigate the corrosion such Rotati 
pipes this agency, both this steel 
try and America. The result 
severe pitting, frequently 

3.2 


environment. The work Verillon 
France indicates that the same organisms 
are responsible for certain 
rine corrosion. They possess the 
tive property removing oxygen 
sulphates and for their development 


and always blackening the clay 


require medium containing addition 
sulphates, organic matter, moisture, 
these 

the mud 


and some cases iron salts 

constituents are present 
banks most marine estuaries. 
tory experiments Bunker have 
active very restricted areas oxygen 
deficiency close proximity 
abundant oxygen supply. This 
tion would pertain the 
ments the hull vessel which was 
immersed aerated tidal 
and which was contact with 


prot 
fro 


banks for some period each 
hours. Thus corrosion due 
reducing bacteria requires that the 
so, and results severe local (19 
ucts, and accompanying reduction 


3.4 Chemical Effects 


3.4.6, 6.5 


(1951) Oct.-Dec. 


Shows that oxidation 
controlled atmosphere will take 
the dissociation pressure the 
oxide smaller than the oxygen 
sure the surrounding 
Also, so-called oxygen ‘ree 
ists which may calculated from 
equilibrium data the 
carbon dioxide water, 
pressure appears depend and 
vary with the square the 


dioxide-carbon monoxide 
drogen ratios. Therefore, 
phere containing carbon dioxide, 


monoxide, water, and hydrogen, 
raitos are not independent. Some 
tical conclusions are given.— 


DTR. 
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Physical and 
Mechanical Effects 


Problems Encountered the 


Eng., 223-227 (1951) Oct. 


“emulsifiable” oils are 
many metal-working processes, 


st 7 
grinding, coolants, avoid 
WY 


burning, and prevent unde- 
bluish-black spots frequently 
This phenomenon was studied 
Data are tabulated and 
4776 


The Question Corrosion Fatigue. 


Nauk SSSR, new ser., 79, 287-288 


July 


his coun- 
this 


q 

clay soli” 


ma- 
gen fror 
nent 
addition 


| of these 


technology 


fatigue tests were made 


specimens under various condi- 
corrosion. Charted data and typ- 


4732 


3.7.2, 5.3.2, 5.4.2 
The Surface Protection High-Melt- 


Heraeus Festschrift, 1951, 
Since tungsten and molybdenum were 
the ductile form, into 
some 
numerous attempts have been 
ale improve the heat-resisting prop- 
these metals two ways, viz. 
alloying the metals with beryllium, 
silicon, titanium, zirconium, alu- 
um, thorium, chromium, cobalt, 
coating the metals with 


oxides, oxide mixtures, non- 


‘hich 


t the en- 


on proc 
uction 


table metals. Methods proposed for 
ying, embedding ceramic materi- 
and various methods producing 


protecting sheath, including deposi- 


from the gas phase, are briefly de- 
4747 


6.4.1 


Stress Corrosion. Engineers’ Digest, 12, 
(1951) Aug. 

The outstanding feature stress cor- 

that while the amount metal 


corroded may small, the 
lage quite out proportion. Un- 
corrosion fatigue, the occurrence 

conditional upon the 
tence zones weakness the 
al, and more often than not these 
are intergranular 
corrosion may caused resid- 


due stresses arising from service 


place 
yen pres- 
nosphere 
e atmos: 
from th 
and 
e carbo 
n atmos 
carbon 
en, 
R. 


Tensile service stresses 
service stresses should 
Within the safe limit. intro- 
compressional stresses peen- 
into the surface the material, the 
effect service stresses ten- 
may 
surface stresses may also 
been advocated for light alloys. 
applied means abrasion, 
taken that the direction 
Sion parallel that the service 
otherwise the grooves will act 
Aluminum-magnesium al- 
should uot surface-treated prior 
since this would favor the 
for intergranular 
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susceptibility. Surface treatment after 
ageing less dangerous. Expert opinion 
that even very slight unintentional 
surface treatment may suffice set 
corrosion cracking, which, once started, 
may penetrate through large cross sec- 
tion. This warning applies, particular, 
solution-treated material and not 
much commercial material which has 


received the customary heat treatment. 
—TIME. 


3.5.9, 6.5 


Comparison Between Fe-Cr-Ai and 
Ni-Cr Alloys for High Temperature 
Service. Paper before Ist 
World Metallurgical Congr., Detroit, 
Oct., 1951. Proc. World Metallurgi- 
cal Congr., ASM, 1951, 632-636. 


Comparison iron-chromium-aluminum, 
Kanthal, and 
alloy for use electrical resistance 
materials. Iron-chromium-aluminum 
loys constitute excellent substitute for 
nickel-chromium since their properties 
make them, many cases, superior 
nickel-chromium alloys. 
aluminum materials can used 
1350° C., whereas the maximum work- 
ing temperature the 
chromium 1150° Both the life and 
electrical properties, well the me- 
chanical properties room temperature, 
are better for the iron-chromium-alumi- 
num type, while from corrosion and heat 
resisting points view the nickel-chro- 
mium material has the advantage.— 


INCO. 


PREVENTIVE MEASURES 
5.3 Metallic Coatings 


5.3.4, 5.9.1, 8.9.1, 1.2.4 


Surface Treatment and Plating 
Naval Aircraft. Metal Fin- 
ishing, 50, No. (1952) Feb. 

The author summarizes the hazards 
which naval aircraft are sub- 
jected climatic conditions, operations, 
operational materials, and constructional 
factors, and then discusses the cleaning, 
surface treatment and plating the 
component parts such aircraft. The 
specifications followed for each 
operation are listed and some the 
background information leading these 
requirements reviewed. The most 
commonly used treatments steel are 
cadmium and plating, which are 
considered excellent not only because 
their anodic protection steel, but also 
because their nearness magnesium 
and aluminum the electromotive 
ZDA. 


5.3.4, 7.6.9, 8.8.5 


Review Factors Influencing the 
Sheet Metal Inds., 28, No. 290, 574-575 
(1951). 

Fagg reviews the factors influencing 
pot life and concludes that the life de- 
pends on: zine temperature, type 
steel used for the pot, fabricating 
defects the pot, and composition 
zinc. discusses these factors and 
shows that the life pot governed 
the observance two main condi- 
tions: bath temp. must below 
480°C and the steel used must con- 
tain not greater than 
MA. 


5.4 Non-Metallic Coatings 
and Paints 


5.4.2, 1.6, 3.5.9 


Radiation Suppressing Coatings for 
Metals Elevated Temperatures. 
HOUSE. inches, paper, pp. April, 
1953. Fulmer Research Institute Ltd., 
Stoke Poges, Buckinghamshire, England. 
Per shillings. 

Tests were made determine what 
coatings were best suited reduce 
temperatures metals subjected radi- 
ated heat gas turbines which must 
not heated excess 800-900°C. 
Several ceramic coatings were tested 
determine emissivity characteristics and 
various methods bonding coatings 
were Tests were made de- 
termine the fatigue and thermal shock 
characteristics the coatings, simulat- 
ing service conditions. Results indicated 
certain coatings tested are capable re- 
flecting high proportion incident 
radiation and can stand considerable 
amount vibration and shock when ap- 
plied correctly. They can applied 
Nimonic and with protective enamel 
undercoat stainless and 
Coatings this type are not recom- 
mended for parts which normally operate 
over 600-900°C. Polished metals are ex- 
cellent reflectors radiation long 
polish remains. not indicated that 
the coatings will protect basis metal 
against attack volatile constituents 
the fuels, such vanadium lead 
compounds, 4752 


5.4.2, 3.5.9 


Recent Ceramic Coatings for High- 
Temperature Alloys. Bur. Stand- 
ards, Technical News 35, No. 10, 
145-147 (1951) Oct. 

Ceramic coatings recently developed 
NBS are substantially increasing the 
service life high-temperature alloys, 
particularly the exhaust systems 
aircraft. Most successful and widely used 
these coatings NBS ceramic coating 
A-417, which has been commercial pro- 
duction since early 1950. The coating 
then fired for few minutes 1850°F. 
Ceramic coatings are applied 
resistant alloys for protection against 
such forms deterioration 
and intergranular corrosion, The NBS 
barium, alkali-free frit (glass) with 
30% admixture chromic oxide. The 
preparation and application A-417 are 
discussed. The value A-417 has been 
established both laboratory tests and 
substantial service experience. Other 
coatings recently developed 
show promise for some 
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5.4.2, 3.5.9, 7.4.1, 8.9.1 

Ceramic Coatings for Metal Protec- 
tion High Temperatures. Product En- 
gineering, 1951, 177-1-79, Nov. 

There are two phases the applica- 
tion ceramic coatings metals. One 
the replacement conventional but 
scarce high-temperature materials hav- 
ing large amounts nickel, cobalt, co- 
lumbium, and other high-cost elements 
with ceramic-coated low-alloy steel. The 
other equally important phase the use 
such coatings extend the service 
life these high-temperature alloys, 
which are critically short supply. 
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PLA-TANK DUCTS 


are manufactured from long- 
life resin-bonded glass fiber. 
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are resistant wide variety 
fumes. 


PLA-TANK DUCTS 


are resistant, inside and out, 
temperatures from -60° 
280° 


PLA-TANK DUCTS 


are competitively priced with 
other corrosion-resistant ma- 
terials. 


DUCTS 


custom-built hoods. 


PLA-TANK DUCTS 
are the answer your needs 
for many fume exhaust jobs 


now your drawing boards 
—or for replacements ex- 
isting systems. 
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While work the first the above 
phases still more less the experi- 
mental stage, considerable progress has 
been made the second. For the future, 
ceramic coatings show promise for all 
types heat exchangers, home heaters, 
locomotive and gas turbine components, 
combustion chamber liners, aircraft en- 
gine collector rings, and burner nozzles 
and jets, name but few potential 
applications. The function ceramic 
coatings aircraft applications 
protect the base metal from intergranu- 
lar corrosion temperatures that range 
from 1600° 2100°F. Coatings slow 
down the reaction must have good 
resistance high temperatures, 
able withstand severe thermal stresses, 
and possess good resistance chem- 
ical attack. addition, heat exchanger 
uses, the coating should thin and have 
good heat transfer properties 
performance the unit not impaired. 
Vitreous enamel coatings have good acid 
resistance, but are somewhat low ther- 
mal shock characteristics. The South 
Wind Div. Stewart Warner Corp. 
using ceramic coatings for several types 
aircraft heat exchangers that are 
integral part the aircraft exhaust sys- 
tem. far known, this the first 
large scale commercial use such coat- 
ings. Various ceramic coatings are dis- 
4872 


5.4.2 

Recent Developments Ceramic 
Coatings for Steel. ALLEN Gray. Prod- 
ucts Finishing, 16, 44, 46+ (1951) Dec. 

Discusses the above, reported 
various investigators, Some theories for 
adherence porcelain enamels steel 
are mentioned. Results adherence and 
abrasion tests are given. Data are tabu- 


5.4.2, 3.5.9, 6.5 

The Growing Role Protective Coat- 
ings for Metals High Temperature 
Service. Harrison (Nat. Bur. 
Stands.) Paper before ASTM, 53rd Ann. 
Mtg., Atlantic City, June 26, 1950. ASTM 
Sym. Corrosion Materials Ele- 
vated Temperatures, Spec. Tech. Publ. 
No. 108, 1951, 114-121. See also: Ceramic 
Coatings Prevent Exhaust Gas Corro- 
sion, Age, 168, No. 10, 118 (1951) 
Sept. 

1025 steel exhaust stack gas turbines 
will effectively inhibit oxidation for long 
periods. has been found possible 
extend the life molybdenum air 
1650° thousands hours under 
conditions where would burn 
minutes unprotected. ceramic coated 
321 stainless steel sheet and uncoated 
specimens were given pack carburizing 
treatment for three hours 1650° 
Microscopic examination showed carbon 
penetration 0.008 inch the uncoated 
specimens, being precipitated carbides 
the grain boundaries but there was 
indication carbon infiltration the 
coated specimen. Accelerated tests were 
made determine lead bromide vapor 
air high temperature has 
dency corrode high-temperature al- 
loys. Alloys tested were type 347 stainless 
steel, 19-9 DL, Inconel, Vitallium and 
Alloy S-816. The loss thickness was 
mils hours for type 347 steel, 
mils for Inconel that had 
ment and mils for Inconel that had 
been preoxidized. The same alloys with 
ceramic coatings had significant loss 
thickness. Graphs and illustrations.— 
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Vol. 


5.4.2, 6.3.15, 3.5.9 

for Titanium Alloys; Six 
terim Technical Progress Report: 
19, 1951 Through November 30, 1951 
STANLEY AND RALPH 

The development suitable 
for the prevention oxidation 
nium elevated temperatures was jp. 
coatings involving the preparation 
compounds titanium and silicon 
the determination their resistance 
oxidation high temperatures plus the 
data necessary the and 
evaluation coatings. Titanium 
were synthesized heating the 
ders the elements. was found that 
the oxidation resistance 
outstanding. The material underwent 
significant change during 1048 hours 
air 1000°C.—NSA. 


5.4.5 

Characteristics and Application 
Modern Coating Resins. 
Paint Ind. Mag., 66, No. 11, 24-27+, 
12, 9-10 (1951); Official Digest, No, 
615-628 (1951). 

Some examples the durability 
alkyd resins clear films and pigmented 
paints are given. 
clear films steel, evaluated 
ing, show that alkyds are much 
oleoresinous varnishes the 
superiority increases with phthalic 
hydride content. Properties alkyd 
resins are then discussed relation 


application conditions problems. 


5.4.5 

Alkyd Resins Anti-Corrosive Paints, 
Trav. peinture, No. 63- 
(1951). 

The possibilities using alkyd 
media for anti-corrosive paints 
discussed relation the desired 
properties, e.g., adhesion, 
water, and durability. The results 
test compare paints based ang 
stand oil mixture are given and 
the superiority the former—RPI. 


5.4.5 

Factice Oils Medium for 
Protective Paints. Lowe. /nd.-Lack-@ 
Betrieb, 19, No. 10-11 (1951). 

The advantages factice oils, 
treated with sulphur chloride are 
cussed. They are exhibit- 
ing little penetration the substrate 
does not settle these oils. Their 


5.4.5 

Selecting Organic Coatings for 
Products. Product Engineering, 22, 
180 (1951) Dec. 

Discusses the factors affecting 
above. Types organic coatings 
their principal uses are outlined. 


5.4.5, 2.3.2, 5.3.2 

The Problem Painting Bright 
Plating, 38, No. 696-698, 

Various precautions have 
good adhesion paint 
plate are briefly described, and 
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does things big way... 


and the 465-mile pipe line that 
was recently completed good ex- 


the builders, West Texas Gulf 


Line Company, this steel line 


largest single carrier crude oil 


the United States. 


about miles from Colo- 


City, Texas, and terminates 
Port Arthur. river oil rolls 


through this 26-inch line the rate 


barrels daily. Eventually, 


(1951). 
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expected that 440,000 barrels 
oil will pumped through this 
giant artery each day—an amount 
which otherwise would require ap- 
proximately 2,000 tank cars. 

Such important pipe line de- 
serves the best possible protection 
against corrosion. And has Ex- 
terior surfaces were coated with Bit- 
umastic® Enamel—a protective coat- 
ing that has proved its worth. Many 
oil and gas pipe lines, protected 
Bitumastic Enamel and years 


ago, are still excellent condition 
today. 

Specify Bitumastic Enamel for 
your next pipe-line project, and give 
protection against corro- 
sion. For complete details and esti- 
mates, get touch with one our 
representatives. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1004-T, Pittsburgh 19, Pennsylvania 


failures was invariably encountered. 
However, the use hot chromium 
trioxide rinse containing 0.11 grams per 
liter chromium trioxide before painting 
ensured good adhesion, The work al- 
lowed air-dry without further rinsing. 
Full details are included experiments 
carried out with other concentrations 
chromium-trioxide. The use phosphoric 
acid place chromium trioxide was 
not satisfactory, nor was thorough de- 
greasing treatment. Apart from the use 
the chromium-trioxide pretreatment, 
the following conditions are suggested 
important ensuring good adhesion 
organic coatings: careful control 
the plating bath, adequate cleaning 
the case buffed parts, the use 
paint enamel which adheres well 
steel, adequate baking, and the 
use primer for those enamels which 
contain significant proportion alu- 
minum flake pigment. shown that 
failure does not occur when the painted 
specimen exposed for hours 
atmosphere 100% relative humidity 
hours 38° unlikely that failure 
will occur service. difference 
paint performance could detected be- 
tween specimens which the chromium 
plate had been applied over steel, brass, 
4876 


5.4.5, 2.5, 2.3.7, 6.6.8 

Evaluation Strippable Protective 
Coating for Acrylic Plastics. Howarp 
PFLEIDERER AND Roy 
ASTM Bull., 59-62 (1951) Dec. 

The work reported was performed 
provide basis for specifications cover- 
ing the above. Tests were devised 
evaluate sprayability, “delivery rate” vis- 


cosity, effect stressed plastics, usa- 
bility normal shop operations, stack- 
ing under load, adhesion, tensile strength, 
ultimate elongation, strippability after 
weathering, protection stressed and 
unstressed plastic from paint materials, 
and storage stability. Test results one 
satisfactory material are given, for illus- 
4864 


5.4.5, 5.3.4 

Substitute Finishes for Electroplating: 
Organic Coatings Today’s Metal Fin- 
ishing. Plating, 38, 
No. 10, 1037-1039 (1951). 

Several suggestions are made for the 
use composite coatings metal and 
paint, varnish, lacquer. For example, 
reasonable life claimed for chromium 
coatings applied directly steel, brass, 
alloys without the customary 
nickel undercoat, provided the chromium 
plate given coat clear lacquer. 
Alternatively, bright zinc may used 
place chromium. Tinted clear coat- 
ings also offer many 


4902 


5.4.5, 5.4.8 

Rust-Preventive and Anti-Corrosive 
Paints. Trav. peintures, No. 
191-193 (1951). 

short review the principles 
formulation corrosion-resistant paints 


4933 


5.4.5, 5.4.8, 3.3.2, 4.6.11 

Marine Under-Water Paints. 
ATE. Peintures pigments vernis, 27, No. 
10. 619-628 (1951). 

Marine corrosion and fouling are dis- 
cussed. Red lead and zinc chrome are 
compared 
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ments. The use conventional toxin 
and research organo-metallic, 
and zeolite toxins are described and thd 
mechanism toxicity briefly 
sented. Attention directed the 
tical problems choosing 
painting system and surface prepara 
tion and paint 493 


5.4.5, 6.4.2 


Paint Protection for Aluminum 
Its Alloys. 19, 
(1951). 

The increased use aluminum 
introduced the necessity for 
the metal marine and industrial 
mospheres. Protection coat 
ings and chemical treatment are brief 
mentioned. Before painting, 
and its alloys should cleaned 
greasers mild abrasives whiting 
pumice. The use emery sand 
sion not advisable. Paints 
copper lead must avoided. 
and alkyd media and also zine 
form suitable components paints 
aluminum.—RPI. 


5.4.5, 5.4.7 


Paint, Surface Finish and Design. 
981-987, Nov. 17. 

Surveys the above. Causes 
hesion failure paint films applied 
spray are discussed well other fac 
tors concerned with 


5.4.5, 6.4.2 


Paint Protection for Aluminum 
Its Alloys. 19, 
(1951). 

The increased use aluminum 
introduced the necessity for protectin 
mospheres. Protection metallic coat 
ings and chemical treatment are 
mentioned. Before painting, 
and its alloys should cleaned 
greasers mild abrasives 
pumice. The use emery 
abrasion not advisable. Paints 
taining copper lead must 
Phenolic and alkyd media and also 
oxide form suitable components 
paints for aluminum.—RPI, 


5.4.5, 8.1.2 


ing (In German.) 
446 (1951) Dec. 
Points out the great need for 
ing the paint weather-cxposed 
and steel structures Germany, 
cusses various passivating 
and topcoats, properties suitable 
ment binders and the most 
development silicone and 
hydrocarbon 


5.4.5, 8.8.1 
Chemical Plants—Protection 
(London) 24, 504-506 (1951). 
After stressing the importance 
tecting mild steel against corrosive 
pors chemical plants, cleaning 
steel work described and 
coatings are considered. The latter 
clude chlorinated rubber, 
synthetic rubber paints. The 
the edges girders can 
acted applying glass tape 
wet paint these edges and then 
urating the tape with further 
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Industry depends 


Our New Epon Resin Coating 


“COPON” now giving industry truly remarkable new kind 
protection against rust and corrosion from chemical fumes, acids, 
and salt water. And combining its revolutionary 
protective qualities with other such desirable features remark- 
able elasticity, exceptional long life, phenomenal tenacity all 
types metals. May give you more facts—or send you sample 
for your own testing? 
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Available Prim- 
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try, 

other 

ustrial 
| 


chlorinated rubber. Synthetic rubber 
paints are very promising, They are un- 
affected corrosive fumes and have 
sufficient flexibility take expansion 
the steel without 


5.4.5, 7.2, 4.5.2, 7.8 

Coatings for Underground Cables and 
Pipes. Paint and Varnish 
Production, 41, No. 8-14, 32-33 (1951) 
Aug. 

Coatings and coating practices the 
underground cable and gas piping sys- 
tems the Consolidated Edison Co. 
New York, Inc, and the conditions under 
which these coatings are installed and 
operating. Causes cable corrosion. 
references.—MR. 4745 


5.4.6 

Rust Preventives: Existing Specifica- 
tions Will Soon Consolidated. 
No. 188, 321-322 (1951) Sept.-Oct. 

The rust preventive specifications 
use the Army, Navy and Air Force 
will consolidated into unified mili- 
tary specifications. These will “Cor- 
rosion Preventive, Type, Hot 
‘‘Corrosion Preventive, 
Solvent Cutback, Cold Application”; and 
“Corrosion Preventive, Fingerprint Re- 
4892 


5.4.7 

Spraying Paint with Superheated 
Steam. Products Finishing, 16, No. 36- 
(1951). Dec. 

process for spraying products 
conveyorised finishing line using steam 
instead compressed air has been de- 
veloped the Pont Company, and 
Advantages include 10-20% material sav- 
ings; reduced pinholing 
reduced spray loss; increased film thick- 
ness per coat; possibility applying 
finishes heavier body and higher 


4907 


5.4.7, 3.4.6 

Metal Spraying Protective Atmos- 
pheres. Metalloberflache, 
No. 42-43 (1951). 

Reininger considers that spraying 
atmospheres inert reducing gases, 
means preventing oxidation, can 
only effective the whole operation 
carried out special chamber from 
which air excluded. The method is, 
however, uneconomical and never com- 
pletely satisfactory owing the unavoid- 
able oxidizing action the 

4925 


5.4.7, 6.3.19, 5.4.5, 5.9.1 

Painting Zinc and Its Alloys. Product 
Finishing (London), No. 10, 40-50 
(1951) Oct. 

The writer first discusses the factors 
which appear influence the degree 
adhesion paint zinc surfaces. 
considers the chemical reaction between 
the zinc and some the constituents 
the paint, the smoothness and condition 
the surface, corrosion after applica- 
tion and what termed ‘intrinsic adhe- 
sion.’ Methods preparing the surface 
give increased adhesion include me- 
chanical roughening, weathering, acid 
alkaline etching, phosphate 
mate treatments. These last two are the 
most important and are dealt with 
greatest length. number proprietary 
phosphate treatments are available, mostly 
based manganese phosphates. 
The phosphate film places 
barrier between the zinc and the paint 


and also forms key for the paint film 
account its rough crystalline struc- 
The use air-drying paints rec- 
ommended over 
surfaces. short section etching 
primers follows, and the rest the arti- 
cle deals with the painting zinc alloy 
die castings and sprayed zinc and gal- 
vanized coatings. unnecessary 
apply any pretreatment sprayed zinc, 
and almost any type paint said 
suitable. die castings and galva- 
nized surfaces phosphate chromate 
treatment necessary.—ZDA. 4910 


5.4.7, 7.5.4. 

Flotation Painting Gas 
69,000 Square Feet Hour. Don- 
OVAN. Corrosion, No. (News Sec- 
tion) (1953) Jan. 

Using specially compounded paint 
which pumped into the top the 
water seal gas holders Consolidated 
Edison Company, New York City, the 
holders are painted very rapid rate, 
high 69,000 square feet hour 
the case large holders. The holder 
first lifted and the sides permitted 
dry. the holder lowered, paint 
pumped into the water seal space 
rate calculated give the required thick- 
ness. After the tank wholly descended, 
the gas pumped back and rises 
the excess paint pumped out the 
water seal space back into the tank 
truck from which came. Tests show 
paint applied this manner outlasts that 
applied brushing. 4799 


5.4.8, 2.3.4 

Leaching Rate Tests and Anti-Fouling 
Paints. Paint, Oil Chem. Rev., 
114, No. 12, 16, 18, (1951); Official 
Digest, Federation Paint and Varnish 
Production Clubs, No. 318, 433-440 (1951). 

description the standard leaching 
rate test for anti-fouling compositions 
given with brief discussion its util- 


ity and accuracy.—RPI. 4918 


5.4.8, 4.2.5, 4.6.11, 2.3.2 

Anti-Corrosive Paints for Marine Use. 
Peintures pigments vernis, 27, 
No. 205-211 (1951). 

description the organization 
research, France, into corrosion-resist- 
ant paints for naval and civil marine use. 
Methods testing, examination and 
evaluation are given, with reference 
photographic standards breakdown, 


4914 


5.5 Oil and Grease Coatings 


5.5.1, 5.8.4 

Trade- 
Machinery (New York), 57, No. 
199 (1951) April. 

Cosmoline, rust preventive, reg- 
istered trademark. Erroneous references 
have been made Cosmoline, using the 
term generic sense designate the 
old heavy type grease preservatives. The 
series includes, addi- 
tion the heavy petrolatum types, 
variety thin-film resin-soluble types, 
polar types, inhibited 
and waxy film and water-soluble grease 
types. Manufactured Houghton 


4813 


Quick-Drying Rust Preventive Com- 
pound. Machinery (N. Y.), 57, No. 189 
(1951) May. 

Gulf No-Rust No. recommended 
for protecting metal surfaces against 
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exposure during domestic and Oversea 
shipment, well during storage for 
long periods time. This thin-film type 
rust preventive will provide surface coy. 
erage 390 square feet per gallon 
storage. When once applied and dried 
will not crack, chip, scale, 
grate temperatures down 0°F, 
temperature 70°F, and will dry 
ficiently within hours permit 
dling without removal the coating 
This coating may applied brush- 
ing, spraying, dipping and readily 
removed with kerosene, Stoddard 
5.7 Treatment Medium 
5.7.9, 3.2.2, 4.6.6, 3.6.2 
Effect Wetting Agents Corrosion 
Resistance. II. Effect Non-Ionic 
ting Agents. (In German). Cor 
(1951) Dec. org 
wetting agents are shown 
more effective than ionic 
agents preventing the pitting effect 
tion from steels. Tables and graphs show 
effect type and concentration 


ting agent and time exposure. 
cludes photomicrographs.—BTR. 


5.7.9, 4.3.3, 8.4.3 
Reduction the Vanadium Content 
Residual Petroleum Fuels Solvent 
Precipitation. Sacks. Can. 
29, No. 11, 492-495 (1951) Nov. 
The removal vanadium 
from residual petroleum fuels various 
crudes asphaltene precipitation 
studied. Precipitation vanadium, 
precipitation vanadium with the 
phaltenes common solvents, and 
analytical methods are discussed. 
cipitation the asphaltenes with 
pentane removed similar amounts 
95%) the vanadium despite differing 
crude source, composition, 
content the original fuels. The 
portion the iron and nickel 
were also removed with 
asphaltenes. The amount 
proportional the asphaltenes 


tated. Tables are included. 
—INCO. 
me 

5.8 Inhibitors and 
Passivators 
5.8.1, 5.5.1, 1.5 
Materials Engineering File Wit Rese 
Klad Kotes-Corrosion Preventives. 
terials Methods, 34, No. 109 


Dec. 

Table, revised Aug. 1951 
with the latest government 
tions, gives the various Klad Kote 
rosion preventives, including the 
types, petrolatum grease types 
the government specifications, 
tions, uses, applications, removal and 


onm 


Minute 

5.8.2, 5.4.5, 4.6.1, 6.2.3 
Coatings for Fixed Steel 


ty 
ev 
b 
tic 
an 
t 
mur ( 
The 


coatings show the superi- 
pitch and micro-asbestos. Rust- 
properties other types 
4903 
dried, 

nor 
high 
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dry suf- 
mit corrosion packaged steel articles 
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effect 
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Conf., Chicago, April 4-6, 1951. 
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Volatile Crystals Prevent Corrosion 
Packaged Steel Parts. 
Methods, 34, 84-86 1951) 


Dec. 
Presents new method preventing 


condenses the metal surfaces 
condensing moisture. The 


must enclosed, although hermetic 
not necessary. Can applied 
powder, dissolved alcohol and 
solution for metal dips, 
properties, test results, and in- 


4.6.1, 7.10 


Corrosion Inhibitor. Materials Meth- 
34, No. 130, 132 (1951) Sept. 
Cor-in, solution active materials 


organic solvents, acts neutralizer 
destroys the corrosiveness all 
water vapor that comes 


with it. After application 
spray, dip, the solvents evapo- 


which vaporize into the sur- 
air. When water vapor comes 
incontact with the vapors Cor-in, 


4837 


The Development Organics for 


Aluminate Corp. Paper before Midwest 


Proc, Midwest Power Conf., 13, 238-245 
1951), 

Development organic materials for 
water treatment. Work date 
tannins, lignins, sulphite 
workers disagree the exact 


organics. Whether they af- 


solubility hold reaction rates 
never been definitely decided, Im- 
requisites for organics used 
sludge conditioning are that they 


. 

deposits, help prevent cor- 

494) 
and are stable under conditions 


and embrittlement, will not cause 


inside the boiler. Diagrams 


photomicrographs are included. 


the Composition Coal 
Its Derivatives (23rd Report). 


the Application Corrosion In- 


The inhibitive effect coal tar deriv- 


Tests were carried out tem- 
atures 30°, 50° and 70° for 
using the following three 


Determination the amount 


hydrogen. 
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Advantage 
Pipe Coating and 
Wrapping, too! 


For the convenience PLS customers, 
pipe can shipped from eastern 
mills through rates destinations 
west, northwest and 

with stop-over privilege for clean- 

ing, priming, coating and wrap- 
ping—at our plants Franklin 

Park, Illinois, and Longview, Texas. 
another feature the complete, depend- 
able service you can count PLS. 


PIPE LINE SERVICE 


Pioneers Steel Pipe Protection 


General Offices and Plant: Franklin Park, Illinois 


Plants Longview, Texas; Corpus Christi, Texas; Harvey, La.; Sparrows Point, Md. 


Straight from the Kettle 


PIPE PROTECTION 


Boyd Mayes 


asked pipeliner friend, “do 
you loaf around the entrance that 
bank almost Tuesday noon?” 

“Not loafing; just the shift picked 
watch our investment,” told him. 

“Thought you were the pipe coat- 
ing wrapping not bank- 
ing,” ribbed back. 

ness,” was the best answer knew. 
“We got the pipe coating and wrap- 
ping business through the front door 
that bank and been watching 
each other ever since. Bought share 
two their stock keep closer 
eye Being ‘in’ with banker 
good being ‘in’ with grocer, and 
investment bank share comes 
next, our way figuring, having 
house come home and car 
drive work. Besides,” told our 
inquisitive friend, got unforget- 
table lesson the fine art finance the 
ripe old age back our East 
Texas piney-woods hometown. Decided 
the sign-painting business, 
found took $10.00 capital outlay and 
hit the local bank president for 
loan.” 

“Sure,” said, “just sign this note 
for $10,000,” and shoved nine one-dollar 
bills across the desk. The note was 
signed when counted the money. 

Figuring banks, and particularly bank 
presidents, didn’t make mistakes 
asked low, and humble, tone 
voice: “But where’s the other dollar?” 

broad smile and hearty slap our 
back ushered the door, 
“that’s interest taken out advance!” 

That day was the beginning our 
dream someday own part 


bank even one share! 
chard 
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Determination the weight loss 
steel specimens. 

Determination the bending num- 
ber steel specimens. 

Through the results obtained, 
pyridine chloride proved the best, 
and coal tar base (230-250° fraction) 
was second best.—JSPS. 


5.9 Surface Treatment 


5.9.1 

Finishing Magnesium. I.—Cleaning, 
Pre-Treatment, and Chemical-Finishing 
Methods. Product Finishing (London), 
No. 40-51, (1951). 

review acid and alkali cleaning 
procedures, mechanical 
ment methods, and chemical and electro- 
chemical produced conversion coatings 
for magnesium. The various types 
treatment included the latter groups 
include: chrome pickle, sealed chrome 
pickle, bright chrome pickle, 
30-minute bath, alkaline dichromate, modi- 
fied alkaline dichromate, chrome-sul- 
phate, Melanizing, chromealum, chrome- 
phosphate, dichromate, caustic pressure, 
selenious acid, galvanic anodizing, caus- 
tic anodizing, dichromate-phosphate 
anodizing, and the Manodyz process.— 


MA. 4908 


5.9.1, 6.2.3, 5.4.5 


Help Your Steel Hold Its Protec- 
58, No. 326, 328, 330-331 (1951). 

Preparation steel before painting 
discussed, the physical 
quired paints for various types 
surface being outlined. ground 
sandblasted surface the film thickness 
should least three times the depth 
pits. The advantages phosphate 
treatments and etch primers are ex- 
plained.—RPI. 4768 


5.9.2 

Metal Cleaning Aqueous Media. 
Examination the Problem. II. 
The Properties the Materials 
Removed. III. The Initial Reactions 
the Removal Residue. IV. The Com- 
plete Removal and Dispersal Residues. 
Physical and Mechanical Assistance 
Aqueous Degreasing Process. 
Metal Industry, 79, 63-64, 91-93, 
107-109, 123-127, 151-153; (1951) July 
27, Aug. Aug. 10, Aug. 17, Aug. 24. 

the above. Discusses the necessity 
cleaning metal surfaces, and methods 
suitable. Parts and III, funda- 
mental questions concerning adhesion, 
wetting, spreading, contact angle, and 
equilibrium forces surfaces are dis- 
cussed. Part studies those materials 
which are available and evaluates their 
use cleaners. Data surface-active 
compounds are tabulated. Part gives 
chanical agitation found degreasing 
practice. 4763 


5.9.2, 5.3.4, 6.4.3, 6.3.6 


Pickling and Electroplating Beryllium- 
Copper Alloy Components. Products Fin- 
ishing (U. 16, No. 22-48 (1951) 
Nov. 

The advent lightweight nonferrous 
metal, such has 
filled real need industry replac- 
ing steel certain applications. Charac- 
teristics the beryllium-copper alloys 
with respect corrosion are taken 
detail, reasons for plating these alloys, 


and necessary surface conditions and 
heat treatments are discussed. 
steps for pickling and treatment prior 
plating are 


5.9.2, 6.4.2, 6.3.19 


The Cleaning Metals 
sian Engr., 1951, Dec. 

Alkaline cleaning the cheapest method 
but for aluminum and zinc articles 
mild alkalies may used, and for clean. 
ing tinned ware sulphite must pres- 
ent prevent corrosion. 
cleaning recommended where 
highest degree cleanliness required 
for instance, before electroplating, Meth. 
ods solvent cleaning include washing 
petroleum distillates, and vapor 
ylene. Emulsifiable solvent cleaners 
sist emulsifying agent, such tri- 
ethanolamine oleate dissolved 
vent, usually kerosene. 
cleaners the work exposed the 
taneous action solvent which prefer- 
entially wets the metal and water, 


5.9.3 


Blast Cleaning: Recently Developed 
Method Using the Cleaning Power 
Abrasive Blast without the 
ishing (London), No. 40-43 

new dustless, blast cleaning method 
for the removal paint, scale, rust 
rosive products, etc. from metal surfaces 
described.—MA. 4005 


5.9.3, 6.4.2, 5.3.4 


Wet Blasting Permits Direct Chrome 
American Machinist, Editorial Staff. 
Machinist, 95, No. 17, 120-121 
Aug. 

The direct plating aluminum 
cult because the rapid formation 
oxide film prevents satisfactory adhe- 
sion between the base and the 
metal. Thus, one common method 
chrome-plating aluminum involves 
ing, chemical coating, and 
nickel plating before application 
final chromium plate. another 
lar method, the aluminum 
and then anodized before 
plating. 

the new Cro-Plate two-step method, 
oxides and dirt can removed 
the work piece wet-blasting, process 
that minutely peens and greatly enlarges 
the surface thus ensuring good 
The process also leaves protective 
coating water and abrasive which 
tects the article from rapid oxidation 
ing transfer the plating tank. 
which located close the wet-blas 
ing unit possible, the chemically 
abrasive washes off and falls the 
tom. Although standard plating 
and solutions may used after wet 
called Cro-Sol permits deposition 
0.008 inch chromium per hour. 
self-contained plating units, 
differing only power requirements, 
mit close automatic control 
ture, current density, and other variable 
and deposit the desired plating 
within 0.00001 inch. 

The deposited coating has 
75-82 which explains the increase 
wear resistance. The impact 
blasted and plated aluminum said 
proximate that unplated 

The two-step blast and plate method has 
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been applied successfully wrought, sand- 
cast, and die-cast aluminum; and also, 
experimental basis, steel, titanium, 
and magnesium.—PDA. 4786. 


5.9.3, 7.5.5, 5.4.5 


Repainting Steel Water Tanks. 
Water Sewage Works, 98, 
160-163 (1951). 

The use paint for preventing re- 
ducing corrosion steel water tanks 
discussed. Methods cleaning the sur- 
face tanks before painting (e.g., sand- 
blasting, wire brushing, and etc.) are 
outlined and suitable paint materials for 
the interior and exterior tanks are 
suggested.—RPI. 


5.9.4 


Warme-Kraft, 1951, 416, Dec. 

Chromized tubes installed steam 
condensers have given satisfactory re- 
sults cases where difficulties with the 
expanding the tubes have been ex- 
perienced. was found that these tubes 
remain practically free from scale en- 
crustation; and this may due 
influence the chromium content the 
surface the tube upon the crvstalliza- 
tion process the scale forming con- 
stituents. Chromized condenser tubes 
show better corrosion resistance than 
percent chromium tubes. Air 
preheater tubes for boiler plant have 
been chromized. These tubes, which 
300,000 pieces were chromized, were 
mm. diameter, mm. thick and 1.86 
meters long. Chromized component parts 
are scale resistant temperatures 
850 degrees.—TIME. 


5.9.4 

Metal Conservation Chromizing. 
Metall, Nos. 23, 24; 546- 
548 (1951). 

The B.D.S. method chromizing 
briefly described and the application 
chromized steel are discussed. Because 
its high resistance corrosion can 
often used satisfactory and eco- 
and 


5.9.4, 6.3.19 

Conversion Coatings Zinc and Zinc 
Alloys. Product Finishing (London), 
No. 47-57 (1951) Sept. 

Under most conditions atmospheric 
exposure, zinc forms grey, tightly ad- 
herent film which hinders attack the 
reactive metal, but where water may lie 
contact with the zinc, the corrosion 
products not hinder its rate corro- 
sion and some additional protection 
required. Chromate treatment gives bet- 
ter protection under 
than does phosphate treatment zinc 
which not intended for subsequent 
painting. Various chromate treatments 
are described, including Cronak, Tridite, 
chromate-formate, and chromate-fluoride 
and solutions for treating anodi- 
cally. Reference made specification 
DTD923 and A.S.T.M. Standard B201- 
49T for chromate finishes. section de- 
scribes experiments determine the extent 
which conversion coating increases 
the corrosion resistance zinc. Other 
processes mentioned include 
mic acid bright dips, the formation 
chromated protein films and the use 
alkaline chromate 

4915 


5.9.4, 6.4.2 
The Alodine (Alocrom) Process, 
New Method for the Protection Alu- 


minum and Its Alloys. 
Metall, Nos. 19/20, 434-436 (1951) 
aqueous solution phosphate, chro. 
mate, and fluoride. The oxide film pro- 
duced has high electrical 
hardness approximately 50% greater than 
that obtained with the Eloxal 
and heat-resistant the melting 


5.9.4, 6.4.2 


Surface Treatment for 
Light Metals Bull., 13, No. 13, 457 (1951) 

process for surface treating alumi. 
num has been developed which provides 
simple and rapid method producing 
satisfactory paint base coatings 
minum and aluminum alloys. The quali- 
ties claimed for this process 
superior resistance corrosion, 
tiveness localizing corrosion, the 
case scratches, increased paint adhe- 
sion, and enhanced appearance 
without paint. Operating sequence in- 
structions are given, and 
illustrations show the difference 
havior plain and treated 


The Hot Half-Hour Chro. 
mate Bath for the Protection 
Protection and Electrodeposition 
Metals, Selected Government 
Reports, Vol. (1951) 1-50, 

The effect temperature, concentra 
tion, salt ratio, and the production 
and magnesium alloys was 
detail, and the influence was 
mined variations composition 
occur during prolonged use the hot 
chromate bath, and 
ties likely gain access the bath 
bath described. shown that 
mate films good appearance can 
tions containing chromates alone. 
whatever the pH. Above 6.5 
dition sulphates has little effect, 
below this, the rate reaction increas 
rapidly with falling value. good 
chromate film may obtained 
sonable time from chromate-sulphate 


bath under many combinations 
ating conditions, but the bath 
simple prepare, and may used 
for the treatment any 
(NH4)2SOs 3.0 g. per TOUS NH,OH ena 
(0.880 sp.gr.) 0.35 c.c. per 100 
valuable feature the bath that 
the normally used, heavy-metal 
cause contamination. Contamination 
magnesium does not appear 
tionable. Chlorides not interfere 
the operation the solution, but 
may not used entirely replace 
Wrap 
5.9.4, 6.4.4, 5.3.4 
Chromate Treatments for 
Alloys with Special Reference 
Government Research ol. 
Experiments are described which PROD 


sulted the development cold 
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Johns-Manville announces 
anew lightweight, reinforced 
asbestos pipe line felt... 
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New Transhield Asbestos Pipe Line Felt 


designed for low cost tear-free application 


Transhield lightweight felt, reinforced with con- 
glass yarns, parallel spaced centers 
give tear-free application strength. Made coal-tar 
saturated asbestos, Johns-Manville Transhield Asbestos 
Felt acts continuous barrier shield pipe line 
from earth loads and soil stresses. 


outer sheath retard cold flow, Transhield 
takes advantage the full thickness the enamel 
effectively toward preserving con- 
film enamel the pipe line. 


for traveling power-driven coating and 
machines. Other lengths can furnished 


suit your method application. Widths are from 


Johns-Manville has developed three wrapping mater- 
ials for pipe line protection: 

J-M Asbestos Pipe Line Felt (perforated 
unperforated)—for severe soil conditions. 

J-M Transhield Asbestos Pipe Line Felt—for aver- 
age soil conditions. 

J-M Trantex polyvinyl pressure sensitive tape—for 
pipe line corrosion protection where ease applica- 
tion important such for emergency repairs and for 
coating field joints mill-wrapped pipe. 


For further information write Oil Industry Department 


JOHNS -MANVILLE 


Johns-Manville, Box 60, New York 16, 


Johns-Manville ASBESTOS LINE FELT 
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Equitable Gas System and Over 
100 Others Use Roskote and 
Glas-Wrap the 
Pipeline Jobs 


Equitable Gas System, covering large 
areas Western Pennsylvania, West 
Virginia and Kentucky, uses non-toxic 
Roskote cold-applied mastic and Roy- 
ston Glas-Wrap. They, well over 
100 other major utilities and pipeline 
companies, know that Roskote and 
Glas-Wrap give pipelines peerless, 


long-time protection. 


Upper Right—An Equitable Gas System 
20” line through rough country. Upper 
Left—First coat Roskote being 
sprayed this line the field, 
primers needed. Bottom—The pipe 
then wrapped with Royston Glas-Wrap 
and given second coat Roskote. 


Not just the easy jobs for Roskote! It’s tough 
enough withstand the abrasion and corrosion 
any soil, keeps its flexibility from -40° 
375°F. without brittleness sag. Utility and 
pipeline companies know they can forget their 
corrosion worries when their pipe ‘‘Ros- 
koted’’. Roskote applied dries fast 
save time and non-toxic. resists acids, 
alkalies and moisture—has electrical resis- 
tivity megohms per square foot. 


For Complete Technical Information and 
Free Samples Write to: 


ROYSTON 
LABORATORIES, INC. 


BOX 112-E, PA. 
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ple immersion bath and cold elec- 
trolytic bath for the chromate treatment 
magnesium alloys. The immersion 
bath consists 10, 
10g./100c.c. 
This gave results equal those obtained 
with the hot bath. The electrolytic bath 
consists of: 15, 
NaOH 0.2 g./100 c.c. This gave re- 
sults superior those obtained with the 
hot bath under the same conditions. 
cold 10% solution was 
found useful reagent for remov- 
ing corrosion products from corroded 
magnesium-alloy parts. references.— 
MA. 4772 


5.9.4, 8.9.1, 6.4.2 

Easier Way Fight Salt Spray. 
REINIGER. Aviation Week, 55, No. 37- 
38, 43-44 (1951) Aug. 20. 

Production corrosion-resistant metal 
surfaces being sped aircraft plants 
use newer processes that are said 
more efficient and easier apply 
than anodizing, which has been the 
method generally used. One these 
newer methods “Alodizing,” developed 
the American Chemical Paint Com- 
pany. Heart this modern treatment 
“Alodine,” protective coating chemical 
which forms surface aluminum al- 
loys that tough, non-metallic, and 
integral with the metal. Like anodizing, 
the Alodizing process creates surface 
aluminum that anchors paint, pro- 
longs paint life, and acts “backstop” 
against corrosion the paint damaged. 
Alodine claimed give better corro- 
sion-resistance metals than anodizing 
and cheaper and simpler apply.— 


TDD. 4937 


5.9.4 

The Thermal Stability Phosphate 
38, No. 11, 1163 (1951) Nov. 

stated that manganese phosphate coat- 
ings are believed withstand long 
periods heating temperatures be- 
tween 225° and 275°F., and that stoving 
zinc phosphate coatings for minutes 
350°F. before painting did not affect 
the adhesion the paint its resistance 
corrosion and high humidity. The 
effects thermal stability the dif- 
ferent acid dips which sometimes follow 
phosphating are not known.—ZDA, 


5.9.4 

Surface Protection via Phosphate 
Coatings. Can. Chem. 
Processing, 35, No. 12, 994-996, 998-999 
(1951) Dec. 

Bonderite chemical compound 
that produces phosphate coating 
iron, steel, zinc, cadmium, and aluminum 
and their alloys increasing the adhesion 
the applied paints, enamels, 
quers, resulting longer lasting, cor- 
rosion resistant finish. Bonderite also 
used aid the deep-drawing 
metal acting anti-flux that aids 
materially preventing welding, scor- 
ing, and galling, increasing drawing 
speeds, and prolonged tool life. Parco 
Compound, another rust-resisting finish, 
changes the surfaces iron steel 
insoluble phosphate coating that 
highly resistant 


5.9.4 

Bright Dip for Steel. Gar- 
“Protection and Electro-Deposition 
His Stationery Of- 
fice (London), 1951, 133-134. 


Process which produces bright me- 
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tallic luster mild steel, medium 
bon, plain and alloy steels. The 
however, not sufficiently smooth 
give clear image reflection but method 
improving the appearance tar. 
nished, corroded, pickled similar 
faces provided. Composition the 
dip and the 


5.9.4, 2.5 

Conversion Coatings and 
Finishing (U. S.), 1951, 26-36 (Sept). 
The author discusses the importance 
preparatory treatment for all types 
metals prior the application 
these coatings, such phosphate 
oxite, are taken detail; also, the 
influence that Governnient 
cies have exerted the writing these 
specifications emphasized. One table 
lists Iron and Steel Conversion 
ings, their specification titles and 
bers, their grades and types; 
table provides the same information 
nonferrous conversion coatings: and the 
third table lists the specification num- 
bers and descriptive titles 
equipment and the division that 
them.—TDD. 
5.9.4, 6.2.3 

The Chromizing Process. 
Metal Treatment and Drop 18, 
No. 68, 201-204 

patented process described for 
the conversion the surface ordi- 
nary steel into chromium-iron alloy 
The article, packed ferro-chromium, 
maintained 1050°-1100° for sev- 
eral hours during which time 
hydrochloric acid passed into the re- 
tort generate chromous chloride. The 
gaseous chromous chloride reacts 
the iron form ferrous chloride, thus 
surface, and these subsequently diffuse 
inwards. change dimensions takes 
place and the coating integral with 
the rest the article and cannot me- 
chanically 


5.9.4, 6.2.5, 6.3.1 


The Chromizing Process. 
Sheet Metal Inds., 28, No. 290, 

The present-day shortage high alloy 
steels and non-ferrous metals emphasizes 
the importance suitable 
Gibson describes method chro- 
mizing iron steel produce 
lished use many industries, including 
the chemical industries, refineries, 
carburizing plant, 


5.9.4, 6.4.2 


New Protective Treatment for 
num Simplifies Processing 
ods, 35, No. 91-95 (1952) Feb. 

chromate process for the 
aluminum alloys has been 
Allied Research Products 
Iridite No. 14. The film 
and non-porous, and about 
num oxide. Treatment does not 
embrittlement. Intensity color 
degree corrosion resistance vary 
alloy. clear film Iridite No. 
the interior surface skin sections 
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ord: and, with just one simple operation, you have 

double protection, stable adhesive and poly- 

The first barrier this coating extra heavy, 

all metal surfaces well its own backing. 

And this specially developed synthetic adhesive 

that provides excellent protection indefinitely over 

wide range temperatures and conditions. 

ethylene film, adding all the well-known properties 

igh alloy polyethylene the protection already provided 

Polyken Protective Coatings are available two 

colors: No. 900, black and No. 910, aluminum 

ing note how the heavy adhesive mass actually penetrates metal 

pits and voids. available now. 

Polyken, Dept. 222 West Adams Street 

ions Division The Kendall Company 


: 

Mi 


vides good adhesion for the interior coat 
primer. The yellow film, formed 
two-minute treatment, 24S-T3 
aluminum approximately equal pro- 
tective value anodic films resulting 
from 20-minute treatment 
acid minutes chromic acid. The 
coating compares favorably with chromic 
and phosphoric acid anodizing treat- 
ments for painting aluminum surfaces. 
Compared with anodic films, Iridite No. 
has extremely low electrical re- 
sistance direct current and low 
and high frequency alternating current. 
The Iridite treated surface may produce 
fluxing effect shielded arc welding. 
The preparation methods used for this 
acid chromate process are conventional 
and are selected after consideration 
the alloy composition, the type and ex- 
tent the surface contamination, and 
the end-result desired. typical dip so- 
lution made follows: Iridite No. 
14, ounces per gallon solution; tem- 
perature, 95° pH, 1.5 1.7; 
time, seconds minutes. 

believed that this pretreatment 
provides better bond for rubber than 
does 


5.9.4, 6.4.2, 1.3 


Anodizing and its Ability Protect 
(Sweden) 22, 154-157 (1951). 

This review the methods 
applying protective oxide films alu- 
minum and its alloys with the use 
chromic acid anodic 
niques. Applications the methods 
duralumin and 24S have 
fully made for many years. The alloy 
75S (low copper but with per- 
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cent zinc) with somewhat lower resist- 
ance corrosion the unprotected 
state likewise responsive such treat- 
percentage composition copper 2.3, sili- 
con 0.13, manganese 1.5, iron 1.1, chro- 
mium 1.2, and nickel 1.2, used jet- 
engine compressors for parts subjected 
atmospheric abrasion temperatures 
about 100° Intercrystalline corrosion 
that develops its surface during at- 
mospheric self oxidation also yields 
anodizing treatment. The Martin 
Hard Coating process (MHC) applies 
layer thick, from times 


5.11 
Corrosion 


Designing with Modern Materials: 
Powder Metals. Machine Design, 23, No. 
10, 325-327 (1951). 

Recent developments powder metal- 
lurgy are briefly discussed and the advan- 
tages the process indicated. Information 
presented ferrous powder materi- 
als, the effect copper infiltration, cor- 
rosion and wear-resistant sintered iron, 
ductile sintered iron, and friction materi- 
4812 


5.11, 6.3.1, 6.6.1 

Designing with Modern Materials. 
Machine Design, 23, No. 10, 297-350, 352 
(1951) Oct. 

developments engineering materials 
including ferrous and non-ferrous metal- 
lics, powder metals, and non-metallics 


When time electrically insulate your main line flanges and 
service lines with complete confidence and peace mind. One 
mistake could cost you hot one million dollars, you're lucky! Fires and 
explosions are expensive! 

Fittings that don't leak are not source worry. The only thing 
you should worry about not having something worry about. Elimi- 
nate one worry now! 


FLANGE INSULATION 
METER BAR INSULATION 


METER INSULATION 
INSULATED UNIONS 


ELECTROLYSIS CHECK POINTS 


call from you will bring one our 
engineers your door; our-engineer 


will the worrying for you al- 


ready got ulcers one more won't 
hurt him!) 


ALL THE WORLD 
The Only Exclusive Designers 
and Manufacturers 


ELECTRICALLY INSULATED 
PIPE FITTINGS 


Your Problem Our Only Business 


including ceramics and refractory mate. 
rials, plastics and rubbers, and 
laneous finishes, insulations 
and lubricants. Boron-treated alloys heat 
and corrosion-resistant steels, high strength 
high toughness steels, precipitation hard- 
ening stainless steels, electrical 
centrifugally-cast steels, ductile cast iron: 
and the non-ferrous group, aluminum 
alloys, magnesium and magnesium 
beryllium-copper alloys, titanium 
titanium and titanium alloys, 
num, tungsten, and tungsten alloys, heat 
and corrosion resistant alloys containing 
chromium and nickel, cemented carbides 
and rare earth alloys 
Graphs and many tables giving the 
erties the various materials are 


—INCO. 


MATERIALS 


CONSTRUCTION 


6.2 Ferrous Metals 
and Alloys 


6.2.1, 6.3.1, 1.6 
The Behaviour Engineering 
with illustrations. 1951. New 
John Wiley Sons, Inc. ($6.50); 
don: Chapman Hall, Ltd. (52s), 

“Behavior truly measured 
ventional mechanical tests only very 
exceptional cases, for behavior 
posite many attributes, some which 
cannot measured quantitatively.” The 
above quotation exemplifies the outlook 
the author throughout his book. 

Since the volume intended the 
first place for the engineer technical 
terms have been used little 
sible. the first six chapters basic ideas 
are discussed, corrosion, surface stress, 
internal stress precipitation, hardness, 
heat treatment, ductility, brittleness, and 
on, and sufficient detail really 
intelligible. The next fourteen chapters 
deal with specific materials, both 
and non-ferrous; whilst the three 
final ones special considerations are 
cussed, including the vital factors 
cost and availability. 


Properties and Application Ductile 
Engr., 28, No. 12, 75-83; Disc. 83-84 
(1951) Dec. 

Properties ductile iron, 
with conventional materials, are unique, 
These properties including ductity, 
pact, rompressive strength, damping, 
machinability, wear 
hardening, fatigue, weldability and cor 
rosion resistance tre discussed. Graphs, 
tables, photomicrographs and 
ences are 


Iron, Mild Steels, and Low-Alloy 
43, No. 10, 2239-2242 (1951) 


Discussion corrosion and the 
iron, mild steels, and steels 
chemical engineering 
tection for solving the 
rosion one the methods 
The review also points out that sphe- 
roidal cast iron continues 
place other grades for man) 
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WELL GOT 
EVERYTHING 


(IN THE CATHODIC 
PROTECTION 


95, 
52s). 
very 
which SUCH AS: 
The 

GRAPHITE ANODES ALL INSTRUMENTS FOR CATHODIC 
BACKFILLS PROTECTION ENGINEERING 
COMPLETE SERVICE DIVISION FOR SURVEYING, DE- 

SIGN, AND INSTALLATION ANY JOB THE 
CATHODIC PROTECTION FIELD 
tity, OTHER FIRST LINE HOUSTON 
MATERIALS INCLUDE: Box 6387 
and (4601 Stanford Street) 
Fisher M-Scope Pipe and Cable 

Agra and Collins Meters Tulsa, Okla. 
Associated Research Phone 2-9857 
Ditch-Witch Trenchers Phone CH-8310 
from insulating washer turnkey contract installation. 


x 


WILKINSON 
LINE 
LOCATOR 


DESIGNED RIGHT 
BUILT RIGHT 


This 
precision 
instrument 
accurately 
spots 
every 
buried 
pipe and 
cable 


will 
indicate the 
depth too. 


This substantial carrying 


case supplied. 


The WILKINSON LINE LOCATOR 
provides low cost insurance against 
trouble. 


Its dependability recognized 
leading utilities everywhere. 


WILKINSON 


PRODUCTS COMPANY 


3987 Chevy Chase Drive 
PASADENA CALIFORNIA 


0-4314 


226a 
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6.2.3 

Low Carbon Steels. II. Medium 
Carbon Steels. Materials Methods, 34, 
99, 101 (1951) Aug. 

Data sheet gives compositions, 
physical and mechanical properties, ther- 
mal treatments, fabricating properties, 
corrosion resistance, available forms, 
and uses for five the above steels. IT. 
Data sheet gives compositions, physical 
properties, mechanical properties, ther- 
mal treatments, fabricating properties, 
corrosion resistance, available forms, and 


uses for four the above steels—MR. 
4858 


6.2.3, 8.1.2 


The Corrosion Steel Steel Houses. 
Department Scientific and Industrial 
Research, Nat’l. Building Studies, Re- 
port No. 16, 29pp. 1952. 

examination the corrosion 
steel work steel-clad and steel-framed 
houses. Relating the protection re- 
quired the cavities steel-clad and 
steel-framed houses, limited survey 
houses built between 1920 and 1927 was 
undertaken 1947 obtain information 
behavior the protective coatings 
then given. Description houses exam- 
ined and condition steelwork and 
protective coatings are given. The vari- 
ous factors involved corrosion the 
types structures examined are sum- 
marized. these the correct design 
details major importance. The main 
conclusions the survey 


Illustrations are 4795 


6.2.3, 4.3.2, 4.4.2 


Corrosion—Carbon Steels with Acids. 
Mars Fontana. Ind. and Eng. Chem. 
43, 75A-76A, 78A (1951) Dec. 

Reviews Russian report the ef- 
fect acid concentration the corro- 
sion rate carbon 


6.2.4, 1.7.1, 8.9.4, 2.2.3 


Interim Report Service Trails 
Steel Coal Wagons (1939-1950). 
Brit. Iron Steel Res. Assoc. 
Atmospheric Corr. Sub. Comm., Paper 
MG/BB/57-50, April 1951. Iron 
Steel Inst., 169, Pt. 250-256 (1951) 
Nov. 

Service trials have been progress 
since 1939 floor plates four differ- 
ent compositions built into 100 steel coal 
wagons belonging British Railways. 
Observations indicate that the life 
the plates should about years 
mild steel but should doubled the 
use copper-bearing steel low-alloy 
steels the copper-manganese 
copper-chromium type. These contain 
0.01-0.04 nickel. The superstructure 
coal and mineral wagons should built 
copper-bearing low-alloy steels. 


—INCO. 


6.2.4, 3.7.2, 2.3.4 

Acid Resisting Silicon-Steel. (In 
English). AND KAZUHIKO 
SEKIGUCHI. Reports the casting Re- 
search Lab. Waseda Univ. Tokyo, 
No, 5-6 (1951). 

Corrosion resistance 5.5% silicon 
steel hydrochloric acid adding various 
quantities copper improve the re- 
sistance was studied. Each specimen was 
cast cylindrical rod green sand 
mold and machined. Surface 
ished with emery paper and cleaned 
with alcohol and ether. Corrosion tests 
were carried out hydrochloric 


acid, 20% hydrochloric acid, sulfuric 
acid, nitric acid and 10% acetic 

Tests indoor temperature were 
ried out for hours and those boiling 
temperature for hours. Weight 
were measured. was concluded that 
5.5% silicon steel has greater 
than carbon 5.5% silicon steel 
resistibility, its durability equal 
that 18-8. Nickel addition give 
good influence upon its resistance 
cause copper solid solubility 
increased with nickel, galvanic cell 
the cause pitting corrosion 
eliminated. The addition 
improves corrosion resistance 
degree without injuring the 
hydrochloric 


Stainless Steels and Other 
Alloys. Luce. Ind. and 
Chem., 43, 2258-2271 (1951) 

Comprehensive literature 
ods for reclaiming critical elements 
substituting titanium for niobium, 
sigma phase, its nature, occurrence 
effects stainless steel. Data corto 
sion and heat resisting alloys and appli 
cation industry. resumé stainless 
steel production 328 refer 
ences.—MR. 


6.2.5, 2.5, 5.3.4 

Tentative Recommended Practice 
Preparation and Plating 
Steel. Plating, 38, No. 837-845 

Discusses the nature stainless 
and its surface peculiarities. 
ration stainless steel for plating 
volves three basic steps. Removal 
scale. ii. Removal oil, grease and 
ricating lubricants anodic cleaning 
iii. Activation before plating, 
the thin transparent film oxide 
inherent the surface. Activation 
carried out 20-50% solution 
phuric acid 150°-180°F. (with 
higher temperature for lower concent 
tion acid) for least one minute. 
will produce dark adherent smut 
removed the plating bath. 
care should taken racking for 
plating cycle. Post-plating 
such buffing and coloring can 
ried out the usual manner.—EL. 


The Question Intercrystalline 
rosion 18-8 Type Steel During 
gennoe Delo (Acetylene Welding), 22, 
(1951) Mar. 

The influence temperature and 
ration heating for various types 
welding corrosion 18-8 was inves 
tigated. Data are discussed and 


6.2.5, 3.8.3 

Passivity Type 304. 
Alan Wood Steel ‘Co. Metal Progress, 
No. 77-78 (1951) Sept. 

During plant investigations, 
tests were run heats Type 
stainless steel aqueous solution 
furic acid 140-180°F containing 
tests, some phenomena were 
and these are discussed, The hypothes 
that the passivation phenomenon 
was exhibited specimens trom 
presence residual molybdenum 
amounts 0.18 and 0.17% 
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THE RUST-PROOFING iron and steel 
zinc which for many years has accounted for 
the metal’s largest single use. Nearly 50% 
all the zinc consumed the United States 
used for galvanizing. This char- 
acteristic zinc providing iron and steel 
with low-cost protection against rust also 
responsible for the increasing use the metal 
the form anodes for the cathodic protec- 
tion pipe lines and other underground iron 
and steel structures. The property zinc which 
makes this possible due the metal’s advan- 
tageous position the electromotive series. 
indicated the listing the right, zinc 
the commonly available metals stands far 
enough below iron that its electronegative 
potential provides effective and economical 
cathodic protection, but not far sacrifice 
itself needlessly doing its job. 
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ELECTROMOTIVE SERIES 
the COMMON METALS* 


Vs. Vs. Iron 
+0.798 Silver 
+0.344 Coppe +0.78 
0.000 HYDROGEN +0.44 
—0.14 +0.30 
—0.23 +0.21 
+0.04 
—0.44 0.000 
—0.56 —0.12 
—0.762 —0.32 
—1.33 —0.89 


*U. R. Evans, "Metallic Corrosion, Passivity & Protection”’ 


Rusting is an electrochemical action in which iron replaces 
hydrogen, metal, electrolyte. Each metal has its 
own definite activity in this respect, which is termed its 
electro-potential. list the metals arranged increasing 
order of activity, with their electro-potential expressed in 
volts is called the Electromotive Series. For convenience — at 
the right hand side the above table the zero point has 
been placed at iron and the figures, since they are relative 
only, have been transposed to show the metals’ activity 
relative to iron. 


Ifa. Zinc, electro-negative iron, with driving 

age of 0.5 vole more than iron in soil or water, provides 

efficient protective action through sacrificial corrosion. 


CORROSION 


which did not show the passivity phe- 
nomenon, contained molybdenum.— 


INCO. 4756 


6.2.5, 8.8.5 

Armco Steel Corp. Sheet Metal 
Worker, 43, No. 40-41 (1951) Dec. 

Proper care handling your stainless 
sheets, whether they 18-8 chro- 
mium stainless, important when you 
stop think that every spoiled piece 
work that much metal lost. Pictures 
are given illustrate how care for 
stainless sheets handling and storage. 


INCO. 4929 


6.2.5 

Colubium and Tantalum Aus- 
tenitic Stainless Steels. Columbium- 
Tantalum Alloys and Their Use Type 
ASTM Bulletin, 17-19 (1951) Oct. 

Presents data showing that the sub- 
stitution the presently available 40% 
niobium-20% tantalum ferro-alloy for 
the standard type ferro-columbium 
previously used practicable. Mechan- 
ical properties and corrosion resistances 
the steels thus produced are tabulated 
and charted.—BLR. 


6.2.5, 2.3.4 

Corrosion Data Welded Low- 
Carbon Stainless Steel. anp 
Y.), 30, No. 10, 511s-518s (1951) 
Oct. 

Corrosion resistance welded, heat- 
treated alloys and weld deposits the 
unshielded low-carbon Type 304 (18-8) 
were determined and compared the 
stabilized grades chromium—8 
nickel alloys containing niobium, niobium- 
tantalum Corrosion resist- 
ance was based the standard boiling 
nitric acid test. The low-carbon Type 
304 alloy suitable for lining process 
chemical equipment was found 
equal better corrosion resistance 
than the stabilized grades 18-8 alloys 
after normal fabricating heat treatments 
and for use where service temperatures 
not exceed 800°F. The low-carbon 
Type 308 weld deposit was found 
have good corrosion resistance except 
after low temperature stress reliefs 
the as-welded condition. Exposure for 
1000 hr. 900° 1000° resulted 
poor corrosion characteristics, over 
mils per year boiling nitric acid. Pic- 
tures and tables are included, refer- 


625, 

Influence Vacuum Melting the 
Properties 25% Chromium Ferrites. 
(In French). HocHMANN. Rev. met., 
48, 734-758 (1951) Oct. 

The action vacuum remelting made 
under well-defined conditions certain 
properties 25% chromium ferritic 
stainless steels examined. Analyzes 
degasification conditions, charge com- 
position, hydrogen content, 
thetic casting techniques. Influence 
properties with respect friction, shock 
resistance, and inter-crystalline corro- 
sion after treatment 900-1200 
and with respect hardening, fragility, 
and intergranular corrosion after heat- 
ing between 400 and 500° C., was inves- 
tigated. Includes photomicrographs, 
tables, and graphs. references.—BLR. 


6.2.5, 4.3.2 
Corrosion—Durimet with Sulfuric 
Acid. Ind. Eng. Chem., 


228a 


43, No. 10, 107A-108A, 110A (1951) Oct. 

Summary Corrosion data chart 
form presenting concentrations and tem- 
peratures for corrosion Durimet 
(29 nickel, chromium, molybdenum, 
copper, silicon, 0.07 carbon, bal. iron) 
sulfuric 


6.3 Non-ferrous Metals 
and 


6.3.6 

Low-Copper Nickel Silver Im- 
proved Chemical and Physical Proper- 
Energy Commission Publ., 1951 (LA- 
1324), pp. 

copper-nickel-zinc alloy for castings. The 
alloy was melted high frequency 
heating graphite crucibles, and the 
charge analysis was maintained within 
+0.75% for all constituents. 
cover 52% soda ash, 27% borax, and 
21% silica, with m.p. 815° C., was 
used prevent excessive zinc oxidation 
and was thickened before pouring 
the addition 30-40 silica 
facilitate removal skimming. The 
metal was cast graphite moulds pre- 
heated 500° C., and relatively sound 
castings various shapes were made. 
The solidification shrinkage 
high, resulting some shrinkage cavi- 
ties, but suggested that the casting 
properties the alloy might im- 
proved minor addition tin without 
adversely affecting the physical chem- 
ical properties. The alloy has superior 
corrosion-resistance commercial nickel 
silvers most media tested, combined 
with higher ultimate tensile strength, 
hardness, and elongation. Possible eco- 
nomic usages for the alloy are non- 
corrosive springs, precision instruments 
and pressure application and 
marine, architectural, and food-handling 


6.3.6, 7.2, 7.6.5 

Corrosion Copper Circulating 
Evaporator. Haase. Metallober- 
flache, Ausgabe No. 11, A170-A171 
(1951) Nov. Translation available 
B.N.F. Serial 

Considers that rust particles the 
water are responsible for the corrosion 
99.96% copper through which rises 
the boiler feed water and condensate 
which evaporated under low pressure. 
Reference made the work Camp- 
bell (Brit. Non Ferrous Metals Res. 
Assoc.) pitting corrosion copper 
water pipes which however, appears 
have bearing the case considered. 


6.3.8, 4.3.2 
Corrosion—Lead with Sulfuric Acid. 
Fontana. Ind. Eng. Chem., 43, 
No. 105A-106A (1951) Sept. 
Summary corrosion data chart 
form presents temperatures and concen- 


trations for the corrosion lead sul- 
furic 


6.3.10, 4.3.2 

Corrosion—Ni-Mo-Cr Alloy with Sul- 
furic Acid. Mars Ind. and 
Eng. Chem., 43, 113A-114A+ (1951) 
Nov. 

Describes effects concentration and 
base nickel-molybdenum-chromium alloy 


known Chlorimet sulfuric 
BLR. 
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6.3.10, 6.2.5, 4.3.2 

Nickel Alloys Versus Sulphuric Acid 
Intern. Chem. Eng. Process Inds. 
No. 284-286 (1951) 

Monel and other high alloys 
are used handling sulfuric acid 
tions since they are most resistant 
corrosion. Monel equipment used 
organic sulphonations, manufacture 
soaps, petroleum refining, extraction and 
polymerization olefins, organic esteri- 
fications and condensations, acid 
ment coal distillates, ammonium 
phate production, aluminum 
inorganic acid sulphates, and textile 
processing. Inconel has adequate resist- 
ance cold unaerated sulfuric acid 
lutions about 70%. Alloys contain- 
ing from 60-80 nickel, and from 13-20 
chromium, with the rest iron, are used 
for electrical resistance and heat-resisting 
purposes and are somewhat similar 
corrosion resistance Inconel. Nickel- 
Resist employed chiefly with dilute 
unaerated solutions atmospheric tem- 


Realistic Approach the Use 
22, No. 11, 164-171 (1951) 

Tensile properties, fatigue strength, 
creep-rupture tests, hardness impact 
properties for commercial titanium, Ti75A, 
chromium-1.4%, 
iron 0.25% oxygen) and (titanium- 
chromium-iron). Both rolled specimens 
and engine forgings were Al- 
loys were found notch 


BNF. 


Corrosion Studies Titanium and 
Zirconium Metals; Semiannual Report 
Mace. Metals Corrosion Lab., Bureau 
Mines. pp. 

Tests have been made the 
sion resistance zirconium and zirco- 
nium alloys hydrochloric acid (em- 
brittlement tests), sulfuric acid and 
made the relative corrosion resistance 
zirconium 
and zirconium containing less than 
hafnium induction-melted graphite. 
series zirconium alloys was subjected 
tests various rocket fuels and syn- 
thetic ocean water spray. Corrosion 
rates were determined for zirconium and 
stainless steel aqua regia. Titanium, 
zirconium, and stainless steel were also 
tested ammonium chloride solutions 
and boiling synthetic ocean water. Tita- 
nium and lead were exposed sulfuric 
acid and nitric acid mixtures. Galvanic 
corrosion tests were conducted 
nium coupled with magnesium, zinc, alu- 
minum, lead, tin, nickel, and 
Galvanic potentials and corrosion rates 
were determined synthetic ocean 
ter, hydrochloric acid, and sodium 
hydroxide solutions, Solution potentials 
were determined substitute ocean 
der different conditions aeration. Open 
circuit potentials were determined and 
the potential each metal relative the 
saturated calomel half-cell 
for magnesium, tin, 
with 


6.3.15, 6.3.20, 4.3.1, 3.6.6 


Corrosion Studies Titanium and 
Zirconium Metals; 
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for July-December 1951. 
AND Metals Corrosion Lab., 
Bureau Mines. pp. 


Corrosion data have been obtained for 
titanium, zirconium, and stainless steel 
various concentrations sulfuric acid, 
nitric acid, hydrochloric acid, and phos- 
phoric acid. The effect mixed acid 
solutions zirconium was determined. 
Titanium, zirconium and stainless steel 
were also tested inorganic chlorides, 
hypochlorite solutions, and organic com- 
pounds. Embrittlement tests concen- 
trated hydrochloric acid under pressure 
were tnade zirconium-tin alloys. Zir- 
conium-titanium alloys (induction melted 
(in graphite) were exposed the corrosive 
action phosphoric acid, hydrochloric 
acid, and sulfuric acid. The corrosion 
arc melted zirconium-tita- 
nium alloys was determined cupric 
and ferric chloride solutions and aqua 
regia, series zirconium alloys was 
subjected tests various rocket fuels. 
The complete resistance all these al- 
loys attack anhydrous hydrazine 
was special interest. Galvanic couple 
tests and electrode potential measure- 
ments involving titanium synthetic 
ocean water and 0.1N hydrochloric acid 
and zirconium synthetic ocean water 
indicates that these metals are electro- 
positive (noble) with respect certain 
common metals. Copper, aluminum, tin, 
lead, magnesium, and undergo rapid 
galvanic corrosion, copper and monel 
are attacked moderately, and nickel cor- 
rodes very slowly. Magnesium coupled 
with zirconium synthetic ocean water 
rapidly consumed galvanic action. 
Although titanium and zirconium show 
small losses weight under certain con- 
ditions, corrosion rates are always under 
mil per year—NSA. 


6.3.15, 6.3.20, 4.3.2 

Corrosion Studies Titanium and 
Zirconium Metals; Monthly Report tor 
Mace. Metals Corrosion Lab., Bureau 
Mines. pp. 

Results corrosion studies are given 
titanium, zirconium, and Carpenter 
No, stainless-steel corrosion phos- 
acid aerated with 
zirconium, stainless steels and 
Hastelloy corrosion calcium and 
sodium hypochlorite; titanium-zirconium 
alloys corrosion sodium, nickel and 
aluminum chlorides; 
ples galvanic corrosion synthetic ocean 
titanium-metal couples corrosion 
synthetic ocean water aerated with 
helium; and zirconium alloys corrosion 
rocket 


6.3.15, 8.10.2, 8.8.5 

Titanium: Problems Attending Its 
Extraction and Fabrication. Har- 
vey. Iron Coal Trades Rev., 163, Nos. 
4347, 4348; 233-237, 295-299 (1951). 

review given the metallurgy 
Its occurrence and the Kroll, 
van Arkel, and Boer methods for 
the metal powder form are 
described. After consolidation sinter- 
melting special furnaces, the 
metal can fabricated hot and cold 
machining, and welding. Cor- 
and anodizing are dis- 
cussed, and some alloying systems with 
and mechanical properties are 
also surveyed, references.—MA. 
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install corrosion-resistant 
SARAN LINED STEEL PIPE 


for long, trouble-free service 


Saran Lined Pipe, Fittings and Valves 
are used this automatic water de- 
ionizer large water purification 
system. Installations such this give 
trouble-free service for many years. 


Saran Lined Pipe Company 

2415 Burdette Ave., Ferndale, Mich. 

Please send copy your catalog 
Saran Lined Pipe, Valves and Fittings. 


State 


Corrosion-resistant Saran Lined Steel 
Pipe sharply reduces repair and main- 
tenance costs corrosive piping 
installations. Downtime cut mini- 
mum because this rigid pipe has high 
pressure strength and durability—which 
mean dependable, long-term service. 
Easily installed Saran Lined Steel Pipe 
can cut and threaded the field—no 
need for special tools handling. 
Wherever superior resistance most 
chemicals and solvents demanded, 
sure consider Saran Lined Pipe, 
Fittings and Valves. Write the dis- 
tributor: SARAN LINED PIPE COMPANY, 
2415 Burdette Avenue, Ferndale, Mich- 
igan. Offices in: New York Boston 
Pittsburgh Tulsa Philadelphia 
Chicago Portland Indianapolis 
San Francisco Houston Denver 
Los Angeles Seattle Cleveland 
Clip and send today! 
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6.4 Non-ferrous Metals 
and 


6.4.2, 5.3.4 

Protection Aluminum Nickel 
Plate Over Synthetic Base Resists Cor- 
rosion and Erosion. Precision Metal 
Molding, No. 12, (1951) Dec. 

New type hard, stress-free and ero- 
sion resistant surface coating for alumi- 
num identified the trade name 
Alni-Clad. The process involves the plat- 
ing nickel aluminum means 
synthetic base applied serve 
intermediate coating between the base 
metal and electroplate. far applica- 
tions have been confined the aircraft 


industry. Developed Bart Labora- 
tories Co., 4894 


6.4.2, 5.9.1 

Surface Treatment Aluminum and 
Its Alloys (French and German.) 
98-105, 125-135, 180-190, 221-225 
(1951). 

Mauderli begins with outline the 
effect the method manufacture 
component the mechanical polishing 
operations employed. Consideration 
also given the origin typical defects 
revealed after polishing, well the 
behavior the main alloy groups when 
treated. This followed section 
dealing with the cleaning and degreas- 
ing articles solvent and chemical 
means. Protective chemical treatments 
the alkali—chromate type are de- 
scribed, and the Alodine (Alocrom) and 
Bonderite 170 processes are mentioned. 
Anodizing and electro-brightening proc- 
esses are described, and defects arising 
from the use unsuitable material 
fabrication methods, and contamination 
foreign metals are illustrated. The 
concluding section reviews 
ishes for aluminum, with particular ref- 
erence the effect pretreatment 
adhesion, well lacquers for applica- 
tion collapsible tubes 
extruded 4849 


6.4.2, 5.9.4, 2.3.2 

Corrosion Surface Treated Alumi- 
num Alloys. Nat. Bur. 
Standards, Report No. 1004, Project No. 
4105, May 25, 1951, pp. 

Report investigation deter- 
mine the corrosion rates aluminum 
and magnesium alloys used aircraft, 
when exposed marine atmosphere 
and the tidewater. The results evalu- 
ating the protection given Bonderite 
170 and Alrok surface treatments 
aluminum alloy both painted 
and unpainted, when exposed tide- 
water, marine atmosphere, salt spray 
cabinet and dry laboratory atmosphere 
are summarized. the basis the 
tests, the Alrok 
somewhat better protection 
170 treatment. Work was 
sponsored NACA, Bureau Aero- 
nautics the Dept. the Navy, and 
the Air Force. Graphs, tables and 
photomicrographs are 


4926 


6.4.2, 5.9.4, 2.3.2 

Mechanical and Corrosion Tests 
Spot-Welded Aluminum Alloys. 
REINHART Bur. Standards), 
(Rensselaer Polytechnic Inst.). 
NACA Tech. Note 2538, Dec. 1951, pp. 


Corrosion behavior 


230a 


aluminum-alloy (alclad 24S-T3, 24S-T3, 
301-T6) panels varying weld quality 
was determined. Tide-water and weather 
exposure tests were made the 
Naval Air Station, Hampton Roads, Va. 
the National Bureau Standards 
and the results were evaluated terms 
distribution corrosion products and 
effects weld strength. Panels were 
welded Rensselaer Polytechnic In- 
stitute and after exposure were returned 
the Institute for mechanical tests and 
metallographic examination 
mine the extent and type corrosion 


attack. Numerous 
4927 


6.4.2, 7.8 

Metallurgical Considerations the 
Use Aluminum for Cable Sheathing. 
and II. Metallurgia, 44, Nos. 
264, 265; 167-173, 231-238 (1951) Oct., 
Nov. 

Part discusses factors availability 
materials, production methods, alloy 
properties, and sheathing methods (ex- 
trusion, die sinking, forming, and weld- 
ing), and special methods. Part deals 
with properties drawn and extruded 
tube, corrosion protection, and joining. 
Illustrations, graphs, and 


4743 
6.4.2, 8.1.2 

Aluminum Building. Northern Alu- 
minium Co. Ltd. Book, 111 pp. Pub- 
lished the Company, Bush House, 
Aldwych, London, W.C.2. 

Gives full details the use alu- 
minum building under the following 
headings: Aluminum architectural 
medium; public and private buildings; 
external applications; internal applica- 
tions; services equipment and fixtures; 
industrial buildings; prefabricated build- 
ings; fabricating and finishing; assembly 
and maintenance; aluminum paint and 
metal spray finishes. illustrated 
throughout and blue prints are also 
given. index provided.—BNF. 


4804 


6.4.2, 8.8.1 

The Most Recent Applications Al- 
uminum the Chemical Industry. 
Aluminum Suisse (Switzerland), 
No. 163-172 (1951) Sept. 

Containers for nitric acid, acetic acid, 
etc., were the first application alu- 
minum the chemical industry, Among 
the uses aluminum France during 
the last years are mentioned dis- 
tilling apparatus made 99.5% alu- 
minum, Al-S4G, A-U4G, A-G3, and 
alloys used and 
fruits, and equipment the charcoal 
industry. Metal 99.5%—99.8% 
minum has also proved satisfactory for 
storage and transportation hydrogen 
superoxide. The alloys A-G3, A-S4G, 
and A-S13 are used the artificial resin 
manufacture. Aluminum widely used 
the petroleum industry: aluminum- 
magnesium alloy for tanks, aluminum- 
magnesium-silicon alloys for pipes, alu- 
minum-silicon alloys such A-S4G, 
A-S13, and A-S10G especially parts 
distilling equipment. Pipe lines for 
fluids and gas are made 99.5% alu- 
minum, The most recent application 
equipment for distillation, 
which makes the distillation materials 
with high molecular weight (fatty 
acids, vitamins, perfumes etc.) possible. 
Aluminum not attacked several 
the modern cleaning media, because 
which storage tanks are often made 


Vol. 


aluminum aluminum plated steel. The 
method joining aluminum argon 
arc welding will probably increase the 
field application aluminum the 
4727 


6.4.2, 8.8.1 

Durability Aluminum and Its 
loys: The Chemical Industries. Light 
(England), 14, Nos. 163, 164 and 165; 
541-546, 639-643, 662-667 (1951) Oct, 
Nov., Dec. 

Aluminum’s resistance 
for the majority industrial chemicals 
has made particularly useful the 
production and transportation com- 
mercial chemicals. certain instances 
aluminum may further protected 
against attack artificially thickening 
the natural oxide film the metal, 
protection may increased appli- 
cation coating. Inhibitors can pre- 
vent minimize corrosion. 
protection will lengthen the life aly- 
minum equipment. Many chemicals are 
stored aluminum, one the main 
features this connection being the fact 
that aluminum does not cause any 
change Since aluminum and its 
alloys are highly resistant oxidation 
and scaling they are most suitable for 
condenser tubes, for there layer 
formed which will interfere with the 
heat transfer. Aluminum used widely 
sewage disposal plants, handling 
explosives fertilizers. soap, 
paint and varnish industry make good 
use its corrosion resisting qualities. 
Animal and vegetable oils, and some 
acids are processed using aluminum. 
—ALL. 4771 


6.4.2, 2.3.6, 2.3.9, 3.2.2 

Corrosion Figures Anodic Attack 
Aluminum. (In French). 
JACQUESSON AND JACK Rev. 
met., 48, No. 11, 879-882 (1951) Nov. 

The determination crystal orienta- 
tion the pits formed attack with 
Lacombe’s reagent usually completely 
satisfactory, but have 
been encountered applying this method 
the edges sheet aluminum: the 
metal not having been subjected the 
same amount work throughout its 
thickness not uniformly reactive, and 
curious degeneration the corrosion 
figures occurs. Suppose, for instance, 
that virgin crystal gives sq. pits. After 
light (50%) rolling, the 
formed the previously polished sur- 
face result the deformation are 
slightly turned towards one another and 
have lost one their right angles sym- 
metrically. This phenomenon 
occur after anodic attack. The authors 
investigated the effect the current 
density anodic attack hy- 
drochloric acid. low current density 
(0.5 the corrosion figures are 
few and relatively large; higher cur- 
rent density (0.8 they are 
smaller and much more numerous. There 
optimum current density which 
the above case 0.6 
hydrochloric acid nitric acid 
0.4 necessary that the 
metal should electrolytically polished 
and the bath fresh and of. high 
ity, alternatively that the metal should 
have been immersed soda bath until 
the first bubbles hydrogen are liber- 
ated. This method can also applied 


6.4.2, 3.7.3, 4.3.7 
Relation Between the Deformation 
Texture Aluminum-Magnesium 
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provides complete protection for all types 
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and testing raw materials, coupled with 
constant laboratory control formulation, 
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on 

This effective spray-on protection makes your 

res insulations impervious moisture, wind, 


and rain. addition, Spring-Kote No. 11T 
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chemical fumes and most acids. Spring-Kote 
No. can applied indoors outdoors; retains 
form and efficiency temperatures ranging 
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Alloy and Its Behaviour the Presence 
AND Metallurgia Italiana, 43, 
51-65 (1951) Feb—MR. 


6.4.2, 7.5.5, 8.8.1, 8.4.3, 8.3.5 


Aluminum Alloys (as Chemical Engi- 
neering Materials Construction.) 
Eng. Chem., 43, No. 10, 2197-2199 (1951) 
Oct. 

Part the fifth annual Materials 
Construction Review. Covers specifica- 
tions for tank and pressure vessel con- 
struction; applications the chemical, 
petroleum and food process industries; 
aluminum foil; aluminum air preheaters 
for power stations. references.—BNF. 


6.4.2, 7.10 


Development and Possible Uses 
Very Pure Aluminum. (In German). 
19-20, pp. 424-426 (1951) Oct. 

Properties 99.99% aluminum alone 
alloyed with 0.5% 2.3% magnesium 
(Reflectal alloys). Uses: electrolytic 
condensers, jewelery and for highly 
polished 


6.4.2, 8.9.2 


Examination Aluminium Mudguards 
from Lanchester Motor Car Built 
1903. Light Metals (Eng- 
land), 14, No. 161, 469 (1951) Aug. 

examination was made the alu- 
minum mudguards from Lanchester 
motor car built 1903. They were con- 
structed from aluminum sheet 0.050 in. 
thick, shown spectrographic analysis 
contain iron 0.8 percent, silicon 0.8 
percent, titanium 0.15 percent. The most 
interesting observations were: the 
generally sound condition the ma- 
terial after nearly fifty years service; 
the absence corrosion around rivet 
holes where copper rivets been 
used; the comparatively small amount 
corrosion attack the aluminum 
where came into direct contact with 
the iron bracket; the successful use 
lead-containing primer paint which 
contrary recommended modern 
practice; the excellent adhesion the 
paint the aluminum spite the 
surface having only been shot blasted 
prior application the 
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6.4.2, 8.10.3, 5.11 


Duralumin Mine Skips and Cages. 
Light Metals (England), 14, No. 161 455- 
460 (1951) Aug. 

designing mining applications 
duralumin advantage should taken 
the high ratio proof stress ulti- 
mate stress and the elastic deformation 
Duralumin much greater than that 
steel, and has correspondingly 
higher capacity absorbing energy 
under impact. Vickers-Armstrongs, Ltd. 
have developed skip cage com- 
posite construction, comprising Dural- 
umin body built plates 
sections riveted together with fittings 
steel and forged Duralumin and car- 
ried steel bridle frame. 

Service conditions: Duralumin skips 
have been used South African gold 
mines for periods years. Only 
very adverse conditions contact 
with moisture strongly alkaline 
acidic character does any serious cor- 
rosion occur. the presence moisture 
there tendency for Duralumin 
corrode where metallic contact 
with iron steel. lessen the ef- 
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fects corrosion due damp wet 
conditions, Aldural—a metal consisting 
sandwich Duralumin “B” with 
homogeneous rolled-on coating pure 
aluminum each side—is used. 

Treatment Duralumin: bend 
Duralumin during construction, the 
plate section heated and held for 
short time the annealing tempera- 
ture 360°C (680°F) and then 
done, the material should heated 
temperature between 420 and 450°C 
(790 and 840°F), worked while hot and 
subsequently heat treated 480-500°C 
(895-930°F), and quenched. The metal 
can easily cut the use 
oxy-acetylene flame. 

Protection: Surfaces should care- 
fully coated with zinc chromate paint 
before installation and periodically 
washed and repainted assist pre- 
venting surface corrosion. Where steel 
and Duralumin parts meet metal-to- 
metal contact should prevented 
coating with zinc chromate paint the 
insertion fiber washers thin stain- 
less-steel washers, strip. 

Rivets and riveting: Duralumin “B” 
rivets which are supplied 
state should heat treated and quenched 
the same manner plates and angle 
bars; heading should completed soon 
after quenching. “MG-5” rivets have 
been developed for cold heading re- 
ceived. For successful heading Dural- 
umin rivets, the clearance the holes 
should kept minimum, and not 


exceed 1/16 in—ALL. 4783 


6.4.4, 3.6.6, 4.2.7 

Technical Note Tropical Corrosion 
Tests Magnesium Alloy Sheets 
Contact with Other Metals. 
Broco AND Protection 
and Electrodeposition Metals. Selected 
Government Research Rep. Vol. (1951) 
224-226. 

Corrosion simulating inland 
tropical conditions showed that over 
period 221 days some corrosion and 
mate-treated magnesium-alloy sheet 
points contact with other metals, but 
away from these points practically 
corrosion occurred. The contact metals 
used were anodized 
treated brass, passivated 
vated zinc-plated steel, and passivated 
and unpassivated cadmium-plated steel. 
Magnesium alloys high purity and 
normal grade were included the test, 
and the latter suffered greater attack 
than the former. The contact corrosion 
caused Duralumin was markedly less 
than that caused other metals. Ob- 
servations were also made the cor- 
rosion the individual metals. An- 
odised Duralumin and untreated brass 
were only slightly tarnished. The un- 
passivated zinc-plated specimens showed 
attack after few days’ exposure, and 
during the test the coating completely 
broke down. The passivated zinc showed 
greatly reduced attack compared with 
the unpassivated. Cadmium-plated parts, 
both passivated and unpassivated, showed 
very little attack, the attack being 
the same order that passivated 
zinc. The tests show clearly that chro- 
mate-treated magnesium alloys, espe- 
cially high-purity material, even when 
unpainted, are much more resistant 
conditions than zinc 
plated parts, unless the latter are passi- 
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6.4.4., 5.9.4 

Anti-Corrosive Treatments for 
nesium. Paper before 
World Metallurgical Detroit, 
1951. Proc. World Metallurgical 
ASM, 1951, 645-650. 

Two improvements the original 
Bengough anti-corrosive 
magnesium are described. The one 
provement intended for magnesium 
that unlacquered and consists seal- 
ing the selenium film produced the 
Bengough process. The sealing done 
boiling the film boiling water and 
then heating air for minutes 
230°C. The other improvement 
tended for lacauered magnesium and 
consists subjecting the 
alloy Bengough treatment followed 
Sutton treatment before 
Tests were made 
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6.4.4, 5.9.4 

The Influence Surface Contamina- 
tion the Corrosion Magnesium Al- 
loy Sheet Specification 
Protection and Electrodepo- 
sition Metals. Selected Government Re- 
search Rep. Vol. 1951, 187-215. 
The difficulties experienced obtain- 
ing uniformity chromate films under 
various conditions investigated. 
These difficulties are shown due 
surface contamination surface 
heterogeneity the alloy. The surface 
treatment are the source the accele- 
rated corrosion under sea-water spray 
conditions. Greatly improved corrosion- 
resistance was obtained metal which 
had been scoured with wet pumice 
given chemical etching treatment ca- 
pable dissolving foreign-metal inclu- 
sions. The improvement consisted mostly 
the elimination deep localized pits 
4928 


6.4.4, 2.3.2 

Variations Corrosion Properties 
Different Parts Magnesium Alloy 
(Appendix The Determination Small 
Amounts Iron Magnesium Alloys. 
February 1944. Government Research Re- 
ports (England), Protection and Elec- 
tro-Deposition Metals, pages 171-186, 
His Majesty’s Stationery Office, London 
1951. 

Sea-water spray corrosion tests were 
mens selected regular intervals from 
large sheets magnesium alloys 
specifications D.T.D. 118 and 120A, 
order discover any variation cor- 
rodibility from part part the sheets. 
material specification D.T.D. 118, 
large systematic variation occurred 
and was found associated with 
similar variation the iron content 
the material. has not been found pos- 
sible eliminate the effects the 
ation comparative tests 
treatments method calibration 
the sheet material, and 
considered that such tests the 
terial are unsatisfactory. Some variation 
also occurs material Specification 
D.T.D. 120A but this lower 
and apparently random. consid- 
ered that such variation could due 
the conditions the corrosion test, 
but this does not invalidate the 
the present type test for comparing 
protective treatments this 
method for the determination 
amounts iron magnesium alloys 
given appendix.—ALL. 
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Combined 
6.5, 1.3 

Titanium, Zirconium, Molybdenum, 


Tungsten, Tantalum, Niobium, Vana- 
dium, and Hafnium Engineering Ma- 
Methods, 34, No. 89-104 (1951). 

Materials and Methods Manual No. 
review physical and mechanical 
properties, fabrication, weldability, meth- 
ods finishing, and present and future 


6.1, 1.5 

How Tackle Materials Substitution. 
Product /:ngineering, 22, No. 10, 123-146 
(1951) 

Output Improves” (pp. 
concerned with substitution 
Confined Military Applica- 
tions” (pp. 140-141) points out that mag- 
uses the U.S.A., but 
properties, etc., sev- 
eal alloys. 
Other advocate use powder 
(p. 142), deals with substi- 
tutes 
trodeposits (p. 143) and for copper (p. 
145), mention (pp. 145-146) substi- 
tutes possible applications for lead, 
tin, nickel, zinc, molybdenum and clad 
4913 


6.6.7, 4.3.1, 4.4.1 

Effects Weed and Insect Sprays 
Spraying Equipment Materials. Par- 
AND SHANKs. Manitoba Dept. 
Agriculture Immigration, Winnipeg, 
Canada. Publication No. 246, Oct. 1951, 
pp. 

Experiments conducted determine 
the effects the more common weed 
insect sprays materials which 
might used the manufacture 
spraying equipment. different mate- 
were used, including metals, such 
black iron, aluminum sheet, galva- 
iron sheet and plate, zinc sheet, 
iron, copper sheet, 
stainless steel, non-metals, such 
hose and various forms metal 
coatings, such Bonderite and Permo- 
These were subjected the action 
Results are given table form. 
4851 


6.6 Non-Metallic Materials 


Corrosion-Resistant Flooring Materi- 
Brit. Indust. Finishing, No. 31, 490- 
494-497 

for use under severely corro- 
conditions such galvanizing and 
shops, and mildly corrosive 
Brick-and-tile construction 
for and the merits 
silicate, rubber latex/hydraulic 
are compared. The available 
type and resin bound tile 
suitable for are considered. 


7.5.5, 4.3.2 
Cements Extend 


Cements Co. Age, 168, 
66-68 (1951) Aug. 23. 
steel mill pickling tanks and 


equipment subject acids and al- 


CORROSION ABSTRACTS 


kalis extended and maintenance costs 


are cut where corrosion proof cements 
are used. Carbon brick recommended 
for handling strong alkalis. Hydro- 
fluoric acid hydroiodic acid and nitric 
acid mixtures. Impervious membranes 
are used protect the outer shell from 
attack seepage and over-come ef- 
fects expansion and contraction caused 
temperature changes. These mem- 
branes may rubber, lead, as- 
phalt bitumastic compositions. Ap- 
plications these cements are discussed. 
chart for corrosion-proof 
cements given.—INCO. 4944 


Neoprene Applications Engineering 
Pont Nemours Co., Inc. Mechanical 
Eng., 73, No. 627-632, 643 (1951) Aug. 


Neoprenes are made two forms; 


COUNTRY PIPE 


AGAINST PARAFFIN 


MILLION 


CORROSION 


years, the busy Tube-Kote plant has 
applied its field-proven TK-2 plastic lining 
million feet tubing for producers, 
pipe lines, drillers, refineries, and chem- 
ical plants. 


and Corrosion Troubles 


TK-2 ends paraffin accumulation 
ducing wells. resists corrosion wells 
where ordinary pipe damaged gas 
condensate sour crude. especially 
practical for wells packer, high pres- 
sure wells, offshore isolated wells, and 
for wells with storm chokes. 
and chemical plants stands under 
severe, corrosive conditions. 


Pays its way quickly! 


Case histories show that cost 
saved many times over when pipe lined 
with TK-2. Save pipe, save down-time, 
save replacement labor. 


TUBE-KOTE, 


INC. 


Houston 25, Texas 


Can End YOUR Paraffin Nuisance 


so-called “dry” polymers which bear 
close resemblance crude rubber, and 
water dispersions, known neoprene 
latices, which are indistinguishable from 
natural-rubber latex casual examina- 
tion. The several types neoprene and 
neoprene latex all possess high de- 
gree the outstanding properties for 
which neoprene noted. These include 
resistance deterioration oils, sol- 
vents, and chemicals, sunlight and 
weathering, oxidation, heat, flexing, 
abrasion, and flame. However, each type 
has its own special characteristics which 
contribute its usefulness 
applications. This paper discusses some 
the principal properties neoprene 
compositions and describes some their 
engineering applications. this discus- 
sion, the values reported are typical 
those obtainable commercial practice. 


Write today for free 
engineering data 
Tube-Kote linings. 


CORROSION 


Unless otherwise specified, the charac- 
teristics described were obtained with 
the general-purpose types neoprene. 
This discussion divided into two 
phases follows: Basic Properties— 
These include all the characteristics such 
hardness, tensile strength, compres- 
sion set, and resilience which govern its 
ability perform its function upon be- 
ing placed service. Resistance De- 
terioration—This covers measurements 
the extent which original properties 
are retained during exposure deterio- 
rating influences such oil, sunlight and 
weathering, oxidation, and 

4874 


6.6.8, 4.3.7 

Materials Construction Versus Hy- 
drogen Peroxide. Silicones. Mc- 
Harpy AND VAN Chem. 
Eng., 58, No. 10, 270 (1951). 

Data the resistance silicones 
hydrogen peroxide are limited almost 
entirely aqueous solutions. Iso- 
lated examples use higher concen- 
trations are known, From the limited 
data available, the silicones show gen- 
erally good resistance the dilute 
aqueous reagent. Concentrated hydro- 
gen peroxide forms explosive mixture 
with almost all organic materials. Be- 
cause all the silicones contain organic 
radicals, their use contact with con- 
centrated hydrogen peroxide should 
preceded careful testing actual 
4802 


6.6.11, 5.4.5, 2.3.6 

Microscopic Studies Polished Wood 
Surfaces. Nresen. Deutsche Farben-Z., 
No. 117-119 (1951). 


The investigation checking lac- 


THICK, TOUGH 
COATING for 
STRUCTURAL STEEL— 
TANK LININGS— 


Hydrochloric Acid 25% 140°F. 
Up to 78% Up to 100°F. 
Up to 50% Up to 185°F. 


: : Up to 85% Up to 100°F. 


quered wood veneers discussed. The 
distinction between lacquer checks and 
checks the veneers illustrated 
photomicrographs.—R 4803 


6.6.8, 5.4.5, 7.2 

Kel-F Applications Corrosive Sys- 
Paper presented the Eighth Annual 
Conference, National Association 
Corrosion Engineers, Galveston, Texas, 
March 10-14, 1952. Corrosion, No. 
100-102 (1953) Mar. 

series exceptionally heat-stable 
derived 
and com- 
mercially available under the trade name 
Kel-F are highly resistant large 
number chemicals. Their properties 
make them particularly attractive for use 
thermoplastic protective coatings and 
the form molded separators. Some 
aspects the development work and 
results obtained corrosion 
problems are presented this article. 

The use diaphragms this material 
Saunders’ type valves 
many difficult commercial operating and 
corrosion problems. Suitably designed 
“O” rings and gaskets have solved gas- 
keting problems some highly corrosive 
systems. Other similar applications are 
being studied. 

The application these coatings 
protect metal surfaces exposed cor- 
rosive systems being studied via dis- 
persions finely divided plastic 
volatile vehicle. Preliminary data the 
vapor permeability the films prepared 
from dispersion indicate supe- 
rior most other plastic films tested. 

The performance the coatings 
dependent large extent the mo- 


High Solids Neoprene Base Coating Which 


Drastically Reduces Labor Application 


the Inside Tanks: Apply 1/16” corrosion-resisting lining low cost Neoprene 
100 4-7 brush coats instead the 10-20 required with ordinary neoprene linings. 
Spraying Neoprene 100 provides dry films 5-10 mils per coat vertical surfaces. 
Coatings cure room temperature. Material and labor cost for 1/16” tank lining 
including sandblasting approximately $1.10 per square foot steel concrete. 


Neoprene 100 has long pot life. Ready-to-use mixtures remain brushable 2-3 days. 


the Outsides Tanks and Structural Steel: Inexpensive, easy-to-use primers are 
available for applying Neoprene 100 rusty damp steel over old paints. 


expensive surface preparation necessary. 
See Bulletin 700 for details. 


lecular weight the polymer. Molecy 
lar degradation the polymer 
the fusion operation and subsequent hea 
aging influenced various 
some cases excessive degradation 
resulted. 

The coatings have been tested the 
laboratory with large variety 
sive materials and numerous tests 
are under way. 


6.7 Duplex Materials 
High-Temperature Bodies Derived 
from Mixtures MgO-TiN-NiO. 
10, 309-313 (1951) Oct. 
The mixtures are sintered 
tive argon atmosphere, 
oxide being reduced nickel. 
nium nitride promotes 
the nickel and magnesium The 
use nickel mono-oxide instead 
nickel powder results superior 
tribution metal the produc:. 
verse strength and resistance 
shock were determined 
1316° C., before and after 


Study Metal-Ceramic 
setts Inst. Tech. Norton 
Kingery, al. Apr. 1952. 

review the literature pertaining 
carbide, nitride, and sulfide reactions 
with metals has been completed. Sam- 
ples nitrides and carbides have been 
prepared for use reaction and surface 
studies. Surface tension and 
wettability data for iron, nickel, and 
silicon ceramic oxides have been re- 
viewed and the results are 
Additional improvements and tests 
microscopic furnace for sintering 
ies have been completed and spherical 
particles aluminum and zirconia 
pared. 


6.7.2, 3.5.9 

New Chromium Carbides Have High 
Temperature and High Corrosion 
sistance, Materials Methods, 34, No. 
(1951) Dec. 

new member the group 
mented carbide 
carbide—has recently been made 
able limited quantity. Expansion 
production facilities has already 
This article briefly describes the 
portant features the chromium 
bide series, and lists expected applica- 
4904 


6.7.2, 3.5.9 

Final Report Development 
Metal-Ceramic Compositions Suitable 
for Service Elevated Temperatures. 
MENIK, JR., AND 
Inst. Tech. April 30, 1951. 

Data are reported from 
investigations the properties 
ceramic compositions suitable 
ice elevated temperatures. 
vestigated were silicon, nickel, 
and iron. Ceramic materials 
were aluminum oxide, zirconiun: dioxide, 
magnesium oxide, beryllium 
ryllium carbide, titanium dioxide, 
graphite. Data surface tension, 
tability, interface reactions, and 
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First step write for this 
work sheet that you 

can turn your problem over 
High Temperature 
Engineering Service. 


CORROSION ABSTRACTS 


HIGH 
TEMPERATURE 
WORK SHEET 


Which these metals will 


solve your 


Even the INCO Nickel Alloys may not provide pat answer 
that question, for strange reactions can take place 
when metals are exposed high temperature corrosion. 


When INCO’s High Temperature Engineers not have 
known solution your particular problem all 
their amassed research information, they work with you 
find testing the comparative durability 
metals and alloys under your actual operating conditions. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street, New York 


Please send the High Temperature Work Sheet that may 
outline problem you. 


Name 


Address 


City 


235a 
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6.7.2, 8.9.1, 7.1, 3.5.9 

Cermets May Answer Jet Designers’ 
Gen. Elec. Co. Age, 168, 
No. 22/23; 77-80, 154-158 (1951) No. 29, 
Dec. 

Pressed-and-sintered 
tures are still the experimental stage, 
but jet turbines already looks like 
they will replace some strategic alloys. 
Hydrostatic and hot pressing seem the 
best forming methods. Carbides, oxides, 
alumina, chromium, titanium, beryllium 
have been investigated. solid solu- 
tion cermets, there evidence the so- 
lution nickel, cobalt and iron ti- 
tanium carbide the range 3000°F. 
Nickel exhibits the highest solubility and 
iron the least. One disadvantage ex- 
tremely fine metallic powders 
tendency oxidize rapidly; even iron 
and nickel tend highly pyrophoric. 
Exploratory studies titanium carbide 
base metal-ceramic report combinations 
titanium carbide with cobalt. nickel 
tantalum carbide and cobalt. While wear 
resistance, general high-temperature be- 
havior and strength to-weight ratio 
good, cermets are less shock resistant 
and less ductile. These new materials 
are likely see service rockets, ther- 
mo-couple protection tubes, induction 
heatin coils and electronic cathodes. 
Tables, graphs and references are in- 


cluded.- 4739 


6.7.3, 4.3.1, 4.4.1 

Corrosion Resistance Typical Lami- 
nated Metals. Product Eng., 22, No. 
211 (1951) May. 

Chart gives corrosion resistance 
sulfuric acid, nitric acid, hydrochloric 
acid, acetic acid, sodium hydroxide, am- 
monia, sulfur dioxide, sulfur, fruit juices, 
phosphoric acid, ink, and sea water 
platinum, gold, lead, 
Monel, copper, nickel silver, bronze, and 
18-8 stainless 4882 


EQUIPMENT 


7.1 Engines, Bearings, 
and Turbines 


7.1, 358 

Distortion and Failure Steam Tur- 
bines and Their Prevention. (In Ger- 
man). Ernst Stahl und Eisen, 71, 
1375-1379 (1951) Dec, 

Discusses warpage shafts 
elimination; cracks extending from the 
age-hardened zone and the rim caused 
prevention expansion; and fatigue 
failure moving blades caused vi- 
bration, notches, corrosion. 
Methods alleviation are discussed. 
lustrations show various failed pieces. 
—BLR. 4896 


Heat Resistant Materials: Refractory 
Materials the Construction Jet En- 
gines. (In French). 
Corrosion Industries, 26, No. 310, 250-255 
(1951) June. 

various components 
submitted high temperatures, together 
with other localized conditions, such 
vibration, corrosion, etc. Accordingly, 
special additional properties which re- 
fractory material should possess are dis- 
cussed. Individual refractory materials 
with melting point, and, where applica- 
ble, boiling point approximate dis- 
sociation point, are then listed under 
the headings: high temperature metals; 
refractory oxides; spinels; silicates and 
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zirconates; porcelains; metallic carbides; 
nitrides; sulphides and borides; glasses; 
cermets; enamels.—BNF. 4917 


7.1, 3.5.9, 4.3.3 


Progress Report the Leading 
Maker. Engine and Gas Turbine, 18, 
395-398 (1951) 

Early General Electric Company 
and developments recent years. Note 
overcoming vanadium attack orig- 
inal 4800 h.p. single-shaft engines, 
changing nozzle blade material and re- 
ducing temperature peaks gas stream. 
—INCO. 4815 


7.2 Valves, Pipes and Meters 


Protection for Sewer Pipes. 
Plastics, (1952) Jan. 

Describes and illustrates the use 
molded vinyl sheet for the successful 
protection concrete sewer pipe against 
alkalies, humidity, oxidation, and aging. 


—BLR. 


Modern 


Review Current Investigation No. 
(of Institution Water Engineers). 
Research Group Report (f) Waterworks 
Fittings (Ball-Valve Seats). Institution 
Water Engineers Research Group. 
Inst. Water Engrs., No. 700-718 
(1951) Nov. 

Tests high tensile brass, aluminum 
bronze, phosphor bronze, nickel silver, 
Monel and 60/40 brass. Monel metal 
proved the most resistant valve seat- 
both unchlorinated and chlorinated wa- 
ters. concluded that respect 
resistance corrosion-erosion this ma- 
terial the most satisfactory for replace- 
able seating for ball valves BS. 1212 
type all waters apart those 
possessing very unusual characteristics, 
such very high carbon dioxide con- 
tent. Phosphor-bronze was next order 
merit 


High Temperature Properties Stain- 
less Steel Tubing. Materials Methods, 
34. 113 (1951) Sept. 

Presents tabular data mechanical 
and physical properties types. In- 
cludes temperature inception em- 
brittling grain growth, resistance in- 
tergranular carbide precipitation, and 
safe temperatures for use oxidizing 
atmospheres.—BLR. 4838 


7.2, 6.6.5, 4.3.2, 4.3.6, 4.6.5 

Cement-Bonded Sewer 
Water and Sewage Works, 98, 404-407 
(1951). 

Three types concrete and two types 
concrete-asbestos pipe were exposed 
attack distilled water, dilute sul- 
furic acid, and solution sodium sul- 
fate. The rate loss acidity was 
measured the case acid solutions 
containing initially from 25,000 
p.p.m, sulfuric acid. the case the 
tests with distilled water and so- 
dium sulfate the rate gain hardness 
(calcium magnesium) the recircu- 
lated solution was measured the ver- 
senate method. The cement bond both 
concrete and cement-asbestos pipe was 
attacked and deteriorated all cases. 


4778 


7.2, 6.6.8 

Phenolic-Butadiene-Acrylonitrile 
mers for Pipe and Pipe Fittings, 
Section) (1953) April. 

Characteristics the 
diene-acrylonitrile polymers are listed 
Pipe and fittings the material can 
machined and joined like standard metal 
pipe. Valve bodies the polymer are 
being made from inches size. 
Non-toxic, the material useful for 
handling food products. list the 
reagents which the polymer 
sistant given. 4800 


7.3 Pumps, Compressors 
Propellers, and 


7.3, 3.5.1, 8.10.3 

Wear and Damage Underground 
Pumps. II. (In Japanese). 
252-261 (1951) Oct. 

204 pumps located Japanese coal 
mine were inspected. Causes 
down are allocated percentage-wise 
the following causes: wear, corrosion, 
seizure, and others, for the various parts, 
Data are charted and tabulated; diagrams 
show the parts 4818 


Season Cracking Manganese-Brass 
Propellers. KANEDA. Paper before Ist 
World Metallurgical Congress, Detroit, 
Oct. 1951. Proc. World Metallurgical 
Congr., ASM, 1951, 637-644. 

Tests for season cracking manganese- 
brass propellers are studied. Ammonia 
tests are sensitive 
but insensitive microstructure. Acidi- 
fied ferric chloride solutions are sensitive 
structure. The latter test gives cracks 
that are similar those found 
ice, whereas the ammonia test does not. 
summary service failures de- 


scribed terms residual stresses and 


microstructure. 
graphs are 4730 


7.5 Containers 


7.5.2, 6.4.2, 8.3.5 

The Aluminum Food Can Europe. 
Modern Metals, No. 26-28, 30-32 
(1952) Mar. 

Many countries have used 
aluminum for canning, Production 
sheet and the manufacture cans are 
considered. Pure aluminum 
stronger alloys can used. Deep drawn 
containers developed Jakob 
are made from aluminum circles one 
shelf life and not disturb the 
appearance and nutritive the 
food. For milk products fish, the 
aluminum should anodized 
anodized lacquered for vegetables. 
Handling and treating aluminum 
are the same for tin cans. 
pressure retort was for the 
processing procedure. The reasons why 
aluminum can used for canning 
given. Illustrations—INCO. 


7.5.5, 3.6.6, 8.9.5 
Scale vs. Bare Steel 
ences May Explain Unusual Tank Vess¢ 


Section) (1953) May. 
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temperature, high pressure salt 
used for cleaning the tanks. The 
water removed the protective 
areas oriented the cleaning 


used where the soil resistivity 
about 1,500 ohm-cm., and where 
may preferred for 
soil; where the soil resistivity 
low; where the fire hazard 
provided adequate precautions are 
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attributed part the action 


The resulting bare areas 


potential between bare steel 
steel scale. The worst attacks oc- 
indicating the neither the cargo 
nor the cleaning per was 
responsible. 


vessels ballasted with sea 


4897 


5.2.2 


Cathodic Protection Tank Bottoms. 


Oil Gas J., 49, No. 52, 
(1951) May 


Underside steel storage tanks are 
corrosion the Pro- 
rectifiers and ground beds 


single tanks, even 


4790 


and Radio 


5.4.5 


Aluminum Alloy Electrical Conduits 


Fittings, Electrical Times (England), 
885 (1951) Nov.; Light Metals Bull. 


Grades electrical conduit 


aluminum alloys should bear 
distinguishing marks, en- 
the man the 
most suitable grade for given con- 
For saline, smoke and chemical 
the aluminum should have 
chemically treated ensure good 
adhesion, and least two coats 
chromate base paint with one 
finishing coats good 
are needed. For contact with damp 
plasters and Portland cement 
covering bitumen applied 
For conact with acid woods, 
oak and teak damp situations, 


site make 
Great care should 


quality 


same protection for saline atmos- 
should provided, insulation 
felt. Account should 


taken the difference me- 
properties steel and alumi- 


Electrolytic Corrosion Tests Pres- 


47, 


can 252, April. 


No. 129-131, 248, 


lectrolytic corrosiveness pressure- 


tapes was measured the cor- 


current method, the cut-edge test 
the contact method. The three 


that the corrosion current method 


best means measuring electro- 


This test easy 
out, and the results are repro- 


and correlate closely with those 


ned the more complex cut-edge 


The usual bare-wire test 
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The extent which metal will 
whether will corrode all any 
appreciable degree determined 
primarily the moisture content 
air. While deterioration nor- 
mal temperatures and humidities 
almost negligible, the rate accel- 
erates rapidly beyond 
point approximately 65%. This 
activity intensified when such 
contaminants hydrogen sulfide 
sulfur dioxide are absorbed from 
industrial atmospheres. Impinge- 
ment solids, which tends hold 
this acid film contact with metal, 
localizes and further advances cor- 
rosive attack. 

When exposure atmosphere 
includes also exposure sunlight 
and the variables weather, the 
situation becomes more complex. 
Such factors the composition 
metal and the protective rust 
film that forms upon it, the length 
time surfaces are wet, the extent 


MAINTENANCE 
FOR METAL 


160-1 HYDE PARK, 


BOSTON 


which they retain moisture, and 
whether they may bared inter- 
mittently heavy rainfall are in- 
fluential determining metal life. 

understanding the mech- 
anism corrosion all its 
varied phases obvious requisite 
prescribing methods control. 
Thirty-five years’ study and evalua- 
tion industrial corrosion problems 
and the formulation protective 
coatings meet them has taught 
something about corrosion and 
the ways which may 
checked successfully. 

are ready share that 
knowledge with you analysis 
any metal-maintenance problem 
you feel requires the different ap- 
proach considered engineering 
judgment give you rec- 
ommendation you can sure 
technically correct 
workable —for quality protective 
surfacing that right for you be- 
cause individually job-selected 
meet your service specifications. 


36, MASSACHUSETTS 


CORROSION 


factory the three test methods ex- 
amined. Illustrations, tables corrosive- 
ness and ratios tensile losses the 
positive wires and graphs results are 


7.7, 5.11, 6.3.8 

Bell System Cable Sheath Problems 
(Bell Telephone Labs.) Paper 
before AIEE Fall Gen. Mtg., Cleveland, 
Oct. 22-26, 1951. Elec. Eng., 70, No. 12, 
1070-1075 (1951) Dec. 

Mechanical, electrical and corrosion 
requirements cable sheaths are de- 
scribed. Duct and buried cables are 
more subject corrosion than aerial 
ones. Normal atmospheric conditions 
keep aerial cables dry. Plain lead, alpeth, 
stalpeth and lepeth sheath designs are 
discussed. Lead saitsfactory dry 
surroundings but susceptible corrosion 
wet environment stray electric 
currents corrosive soil conditions ex- 
ist. fatigue the alpeth sheath better 
than lead and its polyethylene jacket 
corrosion resistant covering. Cable 
sheaths may jute protected, poly- 
ethylene jacketed, steel tape armored, 
light wire armored, single and double 
wire armored, depending use—INCO, 


INDUSTRIES 


8.1 Group 


8.1.2, 5.4.5 

Corrosion-Resistant Paints and Plastic 
Coatings from Coal Tar the Building 
Asphalte, Peche, Nos. 7/8, 165-169, 
204-207 (1951). 

review the composition, prop- 
erties (especially sensitivity light and 
water) and applications pitches and 


REVISED PRICES for 


treated pitch from coal tar paint, 
roof coverings, floor compositions, 
references.—RPI. 4919 


8.1.4, 6.5, 7.2, 7.3 

Review Current Investigations No. 
8-Research Group. Report: Waterworks 
Fittings. Inst. Water Engrs., 700-718 
Nov. 

Test methods for assessing behavior 
ball-valves and that materials 
construction valve seats are given. 
Alloys involved are high tensile brass, 
aluminum bronze, bronze, 
nickel silver (19.6 nickel, 
5.1 tin, 4.7 lead, zinc balance), Monel 
and 60/40 brass. Chlorinated 
chlorinated waters are used different 
test locations. Nickel silver results varied 
from place place and from condition 
condition. all alloys tested, Monel 
proved most resistant all but 
series tests both chlorinated and 
unchlorinated waters. concluded 
that for valve seats all waters apart 
from those possessing very unusual 
characteristics, such very high carbon 
dioxide content, Monel 
factory material from point view 
corrosion-erosion. Section the paper 
devoted properties Monel. Table 
shows relative costs Monel, stainless 
steel and the other alloys tested. Monel 
most expensive, but cost unim- 
portant compared with longer life 


valve seat and saving waste and 
maintenance.—I NCO. 4729 
8.2 Group 


8.2.2, 3.5.8 

Causes Breakdown Steam Plant. 
Proc. Inst. Mech. Engrs. (London). 164, 
No. 129-136 (1951). 

Presents discussion various speakers 
the above. Causes such mechan- 
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ical failure metals, stress corrosion 
reliance automatic controls and 
brations parts are discussed 
Illustrations and 


8.3 Group 


8.3.4, 8.3.2, 6.2.4, 6.4.2 
Modern-Winemaking. 
Wine Co.) Ind. Eng. Chem., 43, 
10. 2180-2192 (1951) Oct. 

Stainless steel Types 302, 304, 316 


and 321 find wide application 


winemaking industry the 
fermentation, pasteurization and bottling 


processes. Cast alloy steel containing 


chromium used screw presses while 
filter presses are constructed 


are 


8.3.3, 6.4.1 
Anticorodal Milk Churns. 
(Holland), 138 (1951). Apr. 30; 


Metals Bull. (England), 13, 14, 507 
(1951) July 
August, 1951, two firms Gron- 


ingen and Gorredikjk (Holland) will 


begin the joint production under license 


the well-known Anticorodal 
churns. These churns are made seam- 
less, and consist the soft 
magnesium-silicon type). After 
tion they undergo heat treatment which 
considerably increases their mechanical 
strength. order their 


natural resistance corrosion, they 


then 4854 


8.3.5, 6.5 
Chemical Engineering the Meat- 


Paper before Amer. Inst. 
Chem., Eng., Minneapolis Mtg., 1951 


Chemical Eng. Progress, 47, No. 443- 
448 (1951) Sept. 


Describes the operations employed 


the preparation the by-products 


meat packing industry the production 
soap, glycerine, lard, industrial fats, 
fat derivatives, glue, gelatin, and 
stock feeds. There also discussion 
the suitability lead, nickel, copper, 
Inconel, stainless steel and carbon steel 
for the corrosive resistant equipment 


8.3.6, 5.4.5 

Corrosion Prevention Sugar 
land Soc. Sugar Cane 
Conf. 83-88 (1950). 

The effective protection metal 
faces against corrosion sugar mills 
where operations are seasonal 
cussed. The advantages 
base preventative materials are 
Oil-type, grease-type, and solvent 
“cut-back” type are considered rela- 
tion special applications. 
type which dries hard, durable film 
and type which dries soft film 
probably satisfy all the 
sugar 
8.4 Group 
8.4.2, 4.3.4, 6.2.3 

Steel Natural-Gas Processing 


alumi- 
num alloy. literature 
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TUBING, CASING, GATHERING LINES, 

PRODUCTS LINES AND TANKAGE 


Gron- 


will 

license 

milk 

seam- 

nealed 

Kontol organic corrosion preventive which affords pro- 

which 

tection forming tough protective film over metal sur- 

faces. Its protective influence persistent and continuing, 


that its benefits are noted surface, well the 

Meat- 


sub-surface, equipment. 


Kontol protects against the various forms corrosive attack, 
including hydrogen embrittlement and hydrogen blistering. 


steel 

also proved effective preventing corrosion natural gas- 


ment, also has been found useful secondary recovery 
water-flooding, where its bactericidal properties are 


Useful protecting all types primary production equip- 
added advantage. addition these usages, Kontol has 


oline plants. 


For complete information, ask your 


mils @ 


TRETOLITE COMPANY 

SAINT LOUIS 19, LOS ANGELES 22, CALIFORNIA 
Chemicals and services for the petroleum industry 

PARAFFIN REMOVING WATER DE-OILING 
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Union Oil Co. Calif. 
Paper before C.N.G.A., 26th Ann. Fall 
Mtg., Los Angeles, 1951. Gas J., 50, 
No. 32, 97-98 (1951) Dec. 13. 

Study case history undertaken 
Union Oil Co. its Santa Maria Valley 
operation concludes that corrosion due 
carbon dioxide problem provided 
that water present. Steel, copper, 
brass and nickel give satisfactory serv- 
ice, Hydrogen sulfide attacks steel and 
most other metals general use. Sug- 
gestions are given for mitigating cor- 
rosion. Chemical reactions are tabulated 
which represent the basic changes taking 
place during carbon dioxide and hydro- 
gen sulfide corrosion—INCO. 


8.5 Group 


Magnesia-Base Sulfite Pulping. 
BAKER (Weyerhaeuser Tim- 
ber Co.) AND Rogers (Babcock 
Wilcox Co.) Ind. Eng. Chem., 43, No. 
11, 2424-2435 (1951) Nov. 

Manufacture pulp magnesia- 
base pulping summarized. Corrosive 
nature the acid cooking 
quires stainless steel all equipment 
where contact with metal occurs. Type 
316 stainless steel used all tubing 
and pipe that convey the liquid through- 
out the cooking plants. 
Type 316 also used all pumps and 
processing equipment where metal con- 
tact made. Acid-resisting brick and 
tile are used linings for digesters, 
dump tanks, and adsorption and acid- 
fortifying towers, which are constructed 
steel plate and/or concrete. Tables 
and diagrams are included. 


8.5.3, 6.2.5, 7.6.6 

Stainless Steel Lining Pulp Mill 
Paper before Australian Pulp and 
Paper Ind. Tech. Assoc., 4th Gen. Conf. 
Paper Trade J., 133, No. 11, 20, 22-24, 
26-27 (1951) Sept. 14. 

Digesters mild steel used for sul- 
phate digestion eucalypts were show- 
ing serious corrosion that their life 
would have been 8-10 years. One 
them, indirectly heated and with capac- 
ity 1350 cubic feet was lined, while 
place and after several years’ service, 
with austenitic stainless steel (Weld- 
anka). The major part the internal 
surface was lined with gauge cold- 
rolled annealed and pickled 
form strips four inches wide. The 
first two welding runs joined the strip 
the shell and the 3rd run filled the 
gap and covered the diluted weld-metal 
the first The strainer screen 
plates and liquor inlet pipe and spray 
were made the same grades stain- 
less steel. After months’ service the 
lining was excellent condition—INCO. 


8.5,3, 6.3.6, 3.1 

Corrosion Fourdrinier Wire Cloth. 
(The Lindsay Wire Weaving 
Co.) Paper before the Southern and 
Southeastern Divisions the American 
Pulp and Paper Mill Sup’ts Assoc:, Joint 
Fall Mtg., Jacksonville, Fla. Paper Trade 
J., 133, No. 21, 22-23 (1951) Nov. 23. 

Discussion the forms and problems 
corrosion found used wire cloths. 
Some the forms discussed are straight 
chemical, electrolytic (galvanic, inter- 
granular, pitting and corrosion-erosion) 
corrosion, and corrosion 


8.5.3, 6.3.6, 3.1 

Corrosion-Resistant Metals for the 
Pulp and Paper Industry. 
Paper prepared for Pulp Paper Course, 
Univ. Maine. Paper Trade J., 133, Nos. 
14. 15, (1951) Oct. Oct. 12. 

Various types corrosion encoun- 
tered pulp and paper mills include 
oxidation, galvanic attack, pitting, in- 
tergranular, stress, crevice, erosion, and 
cavitation. Properties various corro- 
sion-resistant metals such nickel-base 
metals including nickel, Monel and In- 
conel, stainless steels both the straight 
chromium types nickel-chromium 
types are discussed. Plate, sheet and strip 
forms are dealt with some length. 
Specific applications pulp and paper 
processing are given outline form, 
listing only those items where corrosion- 
resistant metals have been used. Graphs 
and photomicrographs 
INCO. 


8.5.2, 6.6.6 


Glass Ind., 32, 457-458 (1951) Sept. 

Outlines the problem the above 
melting borosilicate glass. The opinion 
technologist who has had broad ex- 
perience the use glass given. 


—BLR. 4938 


8.5.3, 5.4.5 
Maintenance Through Protective 
Coating. Paper Mill 
News, 74, 64, 66, (1951) Aug. 18. 
Some the places and conditions 
paper and pulp mills where heavy coat- 
ings can prevent corrosion, and some 


cases insulate vessels and retard conden- 
sation.—MR. 4836 


6.2.5 
Continuous Service With Low Main- 
tenance Cost. Paper 
Mill News, 74, 60-62 (1951) Aug. 18. 
The proper care 
equipment. Paper-mill 
may replaced stainless, and types 


8.7 Group 
8.7.1, 6.3.6 


The Cleaning and Preservation 
Bronze Statues. Jack. Museums 
(London), 50, No. 10, 231-236 (1951) 
Jan. 

The original golden color new, sur- 
face-finished bronze statutes acquires 
variety less desirable shades ranging 
from pale green dark brown black 
and undergoes more less severe cor- 
rosive attack during exposure the 
weather. The composition the bronze 
secondary importance compared 
with the type atmosphere which 
the statute exposed. 

unpolluted, dry air the bronze will 
oxidize slowly and ultimately assume 
dark brown color. less dry, but not 
highly corrosive surroundings the well- 
known green basic 
(patina) will formed. Both the brown 
oxide film and the green patina film pro- 
tect the underlying surface from further 
attack and are 
rather than detrimental. 

heavily polluted atmospheres such 
city air, bronze surfaces are subject 
the action industrial gases, smoke, 
soot, dust, and tar; these agents, com- 
bination with rain water other forms 
humidity, form various copper salts 
the bronze surface. these salts are 


Vol.9 


water soluble, the attack can 
continuously; flaking per. 
foration result. Rain and condensed hy. 
midity acting deposits dust, soot 
and tar can also cause unsightly streaks 
and stains. The surface shape statue 
influences its weathering characteristics 
since contaminated water can collect 
crevices and becomes highly 
The underneath surfaces generally 
more serious corrosion than convex ones 
which are regularly subjected 
cleansing action rain. 

The best treatment for the 
tion bronze statutes comprises the 
regular, frequent application film 
oil grease, such bone oil or, 
ably, lanolin, followed wiping and 
polishing with clean linen cloth pad, 
This treatment promotes the formation 
desirable patina finish. The lanolin 
film absorbs water-containing 
agents and acts temporary barrier, 
The coating should very thin re- 
duce the likelihood dust soot par- 
ticles sticking it, and should 
newed frequently prevent the build-up 
serious concentrations corrosive 
material. Old films must 
completely before new films can ap- 
plied. 

alternative lanolin beeswax 
dissolved turpentine, but this not 
easy apply. varnish such cel- 
lulose acetate can also used, but 
more difficult remove than 

Detailed directions are included for 
treating new bronze statues, for 
cleaning, and for treating neglected 
statues. 


8.8 Group 


8.8.1, 5.3.2, 6.3.11 


Silver Chemical Plant. Ind. 
(London), 79, No. 11, 223 (1951) Sept. 

Silver, one the most important 
rosion-resistant metals, withstands the 
action virtually all the organic 
and many mineral acids and salts, can 
used the presence halogens and 
their compounds and unaffected 
alkalies. Silver-lined mild steel equipment 
now available the British chemical 
industry combining high strength and 
corrosion resistance. Table 
—INCO. 


8.8.1, 7.2, 6.5 

Piping Materials for Chemical 
Inc. Heating, Piping Air Conditioning, 23, 
No. 10, 85-94 (1951) Oct. 

Detailed discussion material 
other piping requirements for 
process use. The alloy steels, stainless 
steels, aluminum and aluminum 
nickel and nickel alloys including 
and Inconel, and other construction 


terials such Carpenter 20, aluminum 

plated carbon steels are given with 
range. Piping engineer must 


pressure provisions, temperature cond! 


tions, corrosion, erosion and 
tion the piping itself fron 
action the pipe metal upon the 
uct conveyed, discoloration 
due corrosion conditions and 
weldability the piping materials. 
NCO. 


grams and tables are included 


8.8.3, 5.3.4, 5.9.4 
Constructional Materials for 
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‘EM MAKE SURE 
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Impressed current systems “National” Graphite 
Ground Anodes give positive, controllable, virtually per- 
manent protection from corrosion buried submerged 
metal structures. glance the rectifier tells you it’s 
working and how hard it’s working against one 
industry’s most destructive enemies. 


the long run, what cheaper way can you install and 
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plating Vats. Kramer. Metall, 
Nos. and 153-154 (1951). 

Kramer stresses the importance 
using the correct type material for the 
construction electroplating vats. 
table given which shows the recom- 
materials and 
methods heating the solution for most 
commercially deposited metals and types 
electrolytes and for electrolytic de- 


greasing and anodic 
4758 


8.8.5, 1.5, 1.6 

Metal Finishing Guidebook-Directory: 
20th Annual Edition, 1951, 568, Finishing 
Publications Inc., West 42nd Street, 
New York 18, New York, $2.50. 

Short articles plant, surface prepa- 
ration, plating baths (17 metals and al- 
loys) and procedures, surface treatments 
(anodizing, coloring, etc.), control and 
analysis; tables data; directory 
manufacturers, trade names, con- 
sultants, etc. Much the text identical 
with that previous editions: the new 
sections include: “Rectifiers,” “Electrical 
Power Distribution the Plating Room,” 
“Avoiding Strong Currents Plating 
Tanks,” “Blast Cleaning,” ‘Abrasives 
and Compounds for Polishing and Buff- 
ing,” “Metal “Preparation 
Various Base Metals 
“Chemical Treatments for Zinc and Cad- 
mium deposition acid cop- 
per, indium, iron, nickel, alkaline tin, 
tin-zinc, and cyanide zinc, analysis 
tin-zinc and stannate tin baths; charts 
for calculating metal costs. The follow- 
ing sections have been revised: 
Resistant Tanks and Linings,” “Auto- 
matic Controls for Plating Tanks,” 
ishing and “Identification 
Plated Deposits”; while those “Safety 
Equipment the Plating Room” and 
“Black Nickel Plating” have been omitted. 


4845 
Protecting Mechanical Parts from 


Corrosion, Mechanical World, 1951, 49-51, 
61; Product Finishing, No. 5,92 (1951). 

discussion the methods pro- 
tecting corrodible surfaces during stor- 
age transit. Most the preventives 
function providing water-resistant 
barrier and include corrosion inhibitors. 
Application dipping suggested 
giving the most complete and economi- 
cal 4901 


8.9 Group 


8.9:2, 2.2.2, 1.7.2 

Miami Car Finish Test Station. 
trial Finishing (Brit.) No. 41, 290, 292- 
293 (1951). 

Exposure testing Miami and 
Michigan discussed. Weather record- 
ing the Florida site, including sunlight 
and dew measurements, are described. 
The solar ultra-violet alone causes little 
damage car finishes, but the combina- 
tion sunlight and dew causes most 


8.9.3, 5.2.2, 5.2.3, 5.4.10 

Kansas-Nebraska Natural Gas Co. 
Oil Gas J., 50, No. 22, 287, 291 (1951) 
Oct. 

Present day design requires all major 
transmission lines and distribution sys- 
tems coated with coal-tar enamel 
and glass wrap, fortified with cathodic 
protection using rectifiers and magne- 


sium anodes. the Platte Valley 
ral gas line, the high-carbon-steel Dipe 
line was practically inoperative 3.5 
years without cathodic protection, and 


with cathodic protection the reconditioned 


line developed leaks after 10-12 


8.9.3, 5.2.2, 5.2.3 

Pipe Line Corrosion. 
Elect. Times, 120, 4-10 (1951). 

sacrifical anodes (e.g. 
can used for cathodic protection, but 
applied direct current preferable. 
Since protective current will vary with 
changes soil resistance, constant cur- 
rent equipment desirable. brief illus- 
trated description given such units 
fitted every miles along the 
562-mile Kirkuk-Mediterranean 
oil-immersed transformer combined 
with selenium rectifier supplies am- 
peres volts. The ground bed 
usually within 700 yards the pipe, po- 
tential which maintained —08 
volts relative the soil; measure this 
accurately, special sul- 
fate half-cell required, 
description which given the orig- 
inal. General principles corrosion and 
cathodic protection are 


8.9.3, 5.4.5 

Price’s Somastic Division Has Coated 
Pipe for Many Major Lines. and 
J., 50, No. 24, 135-136 (1951) Oct. 18. 

History the Somastic Division 
Price Co. which responsible for 
the application Somastic pipe for 
purposes corrosion protection, and 
which has recently developed process 
called Hevicote, for adding weight 
pipe. Coating operation and 
mixture are discussed. 4824 


8.9.4, 5.11, 5.3.2 

Metal Spraying Railway Coaches. 
Metal Industry (London), 79, No. 153 
(1951) Aug. 24. 

illustrated note the new 
railway coaches for the Indian Govern- 


ment Railways whose steelwork has been 


completely sprayed with zinc inside and 
out thickness 0.004-0.005 inches. 
make the coaches lighter than earlier 


models, their bodies were designed 


that the stresses are distributed among 
all the members with the result that each 


individual component stressed more 
highly than before. Failure rusting 


would, therefore, more serious and 
zine spraying was chosen protect the 
steel under the humid working condi- 


8.9.4, 2.2.4, 6.2.4 
Corrosion Steel Railway 
Final Report /ron Steel 
Inst., 169, Pt. 13-16 (1951) Sept. 
The wastage, caused rusting and 


ers compared with that 
mild-steel sleepers service tests lasting 


the British Railways (Western Region). 
Except railway tunnel, the 


bearing steel was between and 
better than mild steel. mild 
steel sleepers, weighing 150 should 
last for about 10-100 years, 
the locality, before they lose 


original weight. Under norma’ 


stances the resistance steel rusting 


adequate, but can appreciably 
creased for sleepers laid the open 


using copper-bearing steel. Graphs 
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Plastisol usage 


for drum linings 


Drum manufacturers well drum 
are beginning make 
Unichrome plastisol-protection available 
tousers steel drums. And these users 
have begun find the answers better 
product packaging with less corrosion 
contamination through these materials. 

Also because these heavy-duty lin- 


ings, many newly developed products 


addition, they permit economical reuse 
containers. Here’s interesting 
though accidental case illustrate the 
point. 

corrosive chemicals had 
drums plastisol-lined for test. 
When research looked for the drums, 
they had disappeared. Later, they were 
found the shipping department. They 
had been returned, inspected and re- 
shipped about times. Regular lined 
had been good for only one 
three trips. 

Contact your supplier about lining 


drums with Unichrome Series 4000 
earlier 


good 
program 


Drum Linings, 


should 


The effectiveness protective coatings 


for corrosion control processing 


plants can measured several ob- 


results the program. 


Has helped lengthen service life 
equipment and reduced downtime? 


Has increased interval between 


Has maintained better looking 


ces 


Ucilon* Protective Coating Systems 


developed specialized answers 


processing plant painting problems. 
Systems are available withstand acids, 
organic chemicals, 
salts and That they 
make painting program less costly and 


years service under severe condi- 


for Bulletin No. 
Mark 


coatings deliver heavy duty protection 


Unichrome Plastisol Compounds winning battles 
against strong chemical attack and corrosion 


Plastisol compounds offer engineers 
material with unusually valuable 
design and maintenance possibili- 
ties. They provide the three proper- 
ties required for durable service 
wide variety severe applica- 
tions. They can profitably supplant 
rubber for some end uses, and pro- 
tective maintenance coatings 
others. 


WHY PLASTISOLS ARE UNIQUE 


(1) They are highly chemical resist- 
ant. Produced from vinyl resins and 
plasticizers, Unichrome Plastisol Com- 
pounds display great resistance not 
only acids and alkalies, but also 
water, salts, oxidizing agents and 
many other corrosives. 


(2) They are resilient. While Uni- 
chrome Plastisol formulations can 
modified produce coating any 
range from soft hard, the greatest 
the elastic, rubbery range. this 
state, Unichrome Plastisols can out- 
class rubbers toughness, chemical 
inertness and economy for many ap- 
plications. And unlike ordinary pro- 
tective coatings, Unichrome Plastisols ab- 
sorb abuse and impact without chipping. 


(3) Thick films can produced. guard 
against porosity coating and the pos- 
sibility accidental break-through, mini- 
mum film thicknesses are usually specified 
for protecting metals against strong 
corrosives. The thicker, the greater the 
protection. With ordinary coatings, this 
means applying many coats. 

However, Unichrome Plastisol Com- 
pounds build mils thicknesses 
with single prime and single top coat. 
They “cure” stable form 350° only 
minutes. 


TYPICAL RESULTS 


Bleach reduction chambers noted 
chemical producer were coated with 
Unichrome Plastisol Compound. This user 
reported that the coating gave times 
longer service than even special alloy 
metals before requiring maintenance! 

processing plant replaced phenolic 


> 


Tank screens, plating rack, drum, basket 
and flanged pipe that obtained extraordinary 
chemical resistance with Unichrome Plastisols 


linings equipment for spinning synthe- 
tic fibre with Unichrome Plastisol Com- 
pound. doing, they ended build-up 
hard sulfide deposits. 


ENDLESS OTHER USES 


When battling corrosive liquids and 
fumes, plastisol coatings are thick and 
tough they can depended not 
break wear through. That’s why they’re 
used coat drain boards, line pipe and 
fittings, protect ventilating fans, ducts, 
solution agitators, processing baskets and 
the like. 

United Chromium’s Technical Service 
department will glad give details 
specific plastisol meet your 
Write, giving details the problem. 


UNITED CHROMIUM, INCORPORATED 
100 East 42nd St., New York 17, N. Y. 
Detroit 20, Mich. « Waterbury 20, Conn. 
Chicago 4, Ill. © Los Angeles 13, Calif. 

In Canada: 
United Chromium Limited, Toronto, Ont. 
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CONCENTRIC- SUPPORT INSULATORS 


Provide low-cost, dependable protection for 

right-of-way crossings Simple install with 
ings Support blocks center pipe casing, 


spacer blocks provide clearance through casing 
Available for all combinations pipe and 
casing diameters. 


CASING BUSHINGS 


Provide water-tight seal even under the worst 


conditions out-of-round casing ... Unaffected 


dirt, moisture backfill during after 


installation (no dope, adhesive shield 


required) Electrical insulation pipe 


from casing provides economical cathodic 


protection. 

Easily installed with Write for Bulletin 249-A 

widely 


TULSA OKLAHOMA 
REPRESENTATIVES 


and proven desian for efficient 
~ | 


Chemical Service Valves 


CHEMICALS FOR INDUSTRY 


ROHM HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA PA. 


Representatives in principal foreign countries 


These Durco Type Valves 
have been sulfuric 


service the Bristol, Pa., 
plant for more than years. 


The Durco Type Valves pictured here have been service 
since 1950, handling corrosives ranging from dilute sulfuric acid 
150° mixture concentrated sulfuric acid and organic 
materials 200° 


DURCO Type Valves are heavy-duty chemical service plug 
Company plas- valves, either top bottom lubricated. They are available with 
flanged ends sizes from 8”, and with screwed ends from 


their acrylic plastic. Plexiglas including Durimet 20, Chlorimet Chlorimet 18-8-S-Mo, 


used for outdoor signs, trans- and others. 
aircraft enclosures, automobile stop 
tail light lenses, nameplates for home 
and host other products. 


Write for Bulletin and de- 
termine how DURCO can help 
solve your corrosion problems. 


RESISTING 
EQUIPMENT 


; 
RCO THE DURIRON COMPANY, INC., DAYT 


supply the finest 
Holiday Detector 


Equipment available 


: 
COATING 


